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ABSTRACT 



Chemical compositions are determined based on high-resolution spectroscopy for 137 
candidate extremely metal-poor (EMP) stars selected from the Sloan Digital Sky Survey 
(SDSS) and its first stellar extension, the Sloan Extension for Galactic Understanding 
and Exploration (SEGUE). High-resolution spectra with moderate signal-to- noise (S/N) 
ratios were obtained with the High Dispersion Spectrograph of the Subaru Telescope. 
Most of the sample (approximately 80%) are main-sequence turn-off stars, including 
dwarfs and subgiants. Four cool main-sequence stars, the most metal-deficient such 
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stars known, are included in the remaining sample. Good agreement is found between 
effective temperatures estimated by the SEGUE stellar parameter pipeline, based on 
the SDSS/SEGUE medium-resolution spectra, and those estimated from the broadband 
(V — K)q and (g — r)o colors. Our abundance measurements reveal that 70 stars in our 
sample have [Fe/H] < —3, adding a significant number of EMP stars to the currently 
known sample. Our analyses determine the abundances of eight elements (C, Na, Mg, 
Ca, Ti, Cr, Sr, and Ba) in addition to Fe. The fraction of carbon-enhanced metal-poor 
stars ([C/Fe]> +0.7) among the 25 giants in our sample is as high as 36%, while only 
a lower limit on the fraction (9%) is estimated for turn-off stars. This paper is the 
first of a series of papers based on these observational results. The following papers in 
this series will discuss the higher-resolution and higher-S/N observations of a subset of 
this sample, the metallicity distribution function, binarity, and correlations between the 
chemical composition and kinematics of extremely metal-poor stars. 

Subject headings: Galaxy: halo - stars: abundances - stars: atmospheres - stars: 
Population II 



Introduction 



The formation and evolution of the first generations of stars, once an entirely theoretical 
enterprise, has in recent years begun to enter the realm where observations are placing more and 
firmer constraints on the subject. Pertinent observations range from cosm ology to star formation , 



stellar evolution, super nova explosions, and early galaxy formation (e.g., iBromm fc Larson! 120041 : 
Ciardi fc Ferraral 120051 ) . Surveys for very high redshift galaxies, QSOs, and gamma-ray bursters 
have detected objects at z > 6, when the age of Universe was only several hundred million years. 
The recently reported high redshift (z = 2.3), extremely metal-poor Damped Lyman-a system by 
Cooke et al. (2011; [Fe/H] ~ —3) exhibits enhanc ed carbon ([C/Fe] = +1.5) and other elemental 
abundance signatures that iKobavashi et abj (|201ll ) associate with production by faint supernovae 
in the early Universe. 

Such studies are complemented by investigations of ancient (but still shining) stars of the 
Milky Way and Local Group. The elemental abundances of the chemically most primitive stars are 
believed to record the nucleosynthesis yields of the first generations of objects, thereby constraining 
their mass distribution, evolution, and nature of their supernova explosions (Beers &: Christlieb 
2005; Frebel & Norris 2011). If low-mass (< 0.8 M©) stars were able to form from primordial, 
metal-free gas clouds, stars with zero metallicity are expected to be found in the present Galaxy. 

A number of extensive searches for very metal-poor (VMP; [Fe/H]< —2) and extremely metal- 
poor (EMP; [Fe/H]< —3) stars in the Galaxy ha ye been undertaken in the past few decades. 
Since the discovery of CD— 38°245 with [Fe/H]~ —4 ( Bessell Norrisl 1984 ) , sey eral objects having 
similar metallicity have been found by the HK survey (|Beers et al.lll985l . 1 19921 ) and studied with 
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follow-up high-resolution spectroscopy. Stars with even lower metallicities have b een found in recent 
years, including the ultra metal-poor (UMP; [Fe/H] < -4) star HE 05 57-4840 (INorris et al.l 20071 ) 
and the hyper metal-poor (HMP ; [Fe/H] < -5) s tars HE 0107-5240 (jchristlieb et al.ll2002l ) and 



HE 1327-2326 (jFrebel et alj|2005l : lAoki et al J 12006), ba s ed on follow-up obser vations of candidates 



from the Hamburg/ESO Survey (HES; Christliebl 



20031 ; IChristlieb et al.ll2008l ). which has a fainter 



limiting magnitude and larger survey volu me than the HK su rvey. Quite recently, a new UMP 
star with [Fe/H]~ —5 was discovered by ICaffau et al.l (|201ll ) among the candidate metal-poor 



stars identified with medium-resolution spectroscopy from the Sloan Digital Sky Survey (SDSS, see 
below). 

The majority of VMP stars found by the HK survey and the HES, including the two stars with 
[Fe/H] < —5, are fainter than V ~ 13. Detailed abundance measurements, based on high-resolution 
spectroscopy for such stars, has only become possible through the use of 8-10m class telescopes such 



these surveys have revealed the chemical compositions of stars with [Fe/H 
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2009). However, the sample size of stars having even lower metallicity, in particular 



for the intrinsically fainter main-sequence turn-off stars, is still rather small, and the relationship 
between the abundance patterns observed for the EMP, UMP, and HMP stars remains unclear. A 
large sample of candidate metal-poor stars have been provided by SDSS (see below), and abundance 



studies for them based on high-resolution spec troscopy have been rapidly growing (e.g., lAoki et al 
20081 : ICaffau et allboill : bonifacio et~alll2012l l. @ 



In this paper, the first of a series, we report on follow-up high-resolution "snapshot" (R ~ 
36, 000, 30 < S/N < 60) spectroscopic obse rvations of a large sample (137) of candidate EMP stars 
selected from the SDSS ([York et al.l l2000i ) . and the Sloan Extension for Galactic Understanding 
and Exploration (SEGUE) sub-survey of the SDSS (lYannv et al.ll2009i ). In this paper we describe 
the selection of our targets (Section 2), the observational and reduction/analysis procedures used 
(Section 3), and the determinations of stellar atmospheric parameters and estimates of a limited 
number of important elements (C, Na, Mg, Ca, Ti, Cr, Sr, and Ba; Section 4). In Section 4, we 
also comment briefly on a number of the double-lined (and one triple lined!) spectroscopic binaries 
discovered during the course of this work. In Section 5, we discuss the nature of the carbon- 
enhanced metal-poor (CEMP) stars found in our our sample, and the trends and outliers found 
among the a-elements and the neutron-capture elements for stars in our sample. 

Papers to follow in this series will discuss constraints on the low-metallicity tail of the halo- 
system metallicity distribution function, the binarity properties of the sample, and correlations 
between the chemical compositions and kinematics of VMP and EMP stars. Results of higher- 
S/N, higher resolution spectroscopy of a number of the most interesting stars found during this 



1 After our wor k is completed, a series of papers on a large sample of metal-poor stars by Norris et al. ( 20121 ) and 
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effort will also be presented, including the Li abundances for main-sequence turn-off stars. 



2.1. 



2. Sample Selection 
Selection of Candidate EMP Stars from SDSS/SEGUE 



SDSS-I was an imaging and spectroscopic survey that began routine operations in April 2000, 
and continued thr ough June 2005. The SDSS, and its extensions, use a dedicated 2.5m telescope 
(jGunn et al.1 120061 ) located at the Apache Point Observatory in New Mexico. The telescope is 
equipped with an imaging camera and a pair of spectrographs, each of which are capable of si- 
multaneously collecting 320 medium-resolution (R ~ 1800) spectra over its seven square degree 
field of view, so that on the order of 600 individual target spectra and roughly 40 calibration-star 
and sky spectra are obtained on a given spectroscopic "plug-plate" . It is important to recall that 
SDSS imaging (done in drift-scan mode) has an effective bright limit corresponding to roughly 
g ~ 14.0 — 14.5, which means that high-resolution spectroscopic follow-up observations for large 
samples of these stars is challenging to obtain with telescopes of 4m aperture and smaller. 

The SEGUE sub-survey, carried out as part of SDSS-II, ran from July 2005 to June 2008. 
SEGUE obtained some 240,000 medium-resolution spectra of stars in the Gala xy, selected to explore 
the nature of stellar populations from 0.5 kpc to 100 kpc ([Yannv et a l. 2009) . These stars, as well 
as all previous SDSS stellar observations, were released as part of DR7 ([Abazaiian et al.l l2009). 



The SEGUE Stellar Parameter Pipeline (SSPP) processes the wavelength- and flux-calibrated 
spectra generated by the standard SDSS spectroscopic reduction pipeline, obtains equivalent widths 
and/or line indices for about 80 atomic or molecular absorption lines, and estimates the effective 
temperature, T e s, surface gravity, logg, and metallicity, [Fe/H], for a given star through the appli- 
cation of a number of approaches. A given method is usually optimal over specific ranges of color 
and S/N ratio. The SSPP employs 8 primary methods for the estimation of T e g, 10 for the estima- 
tion of log g, and 12 for the estimation of [Fe/H]. The final estimates of the atmospheric parameters 
are obtained by robust averages of the methods that are expected to perform well for the color 
and S/N obtained for each star. The use of multiple methods allows for empirical determinations 
of the internal errors for each parameter, based on the range of reported values from each method 
- typical internal errors for stars in the temperature range that applies to the calibration stars 
are a(T eS ) ~ 100 K to ~ 125 K, cr(logg) ~ 0.25 dex, and a ( [Fe /H]) ~ 0.20 dex. The external 



errors in these determinations are of a similar size. See Lee et al 



fl200J ), ISmolinski et al.1 (|2011 
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2.2. Sample Selection for High-Resolution Spectroscopy 

In order to assemble a set of likely EMP stars for high-resolution spectroscopy with Sub- 
aru/HDS, we selected targets that have Vq < 16.5 (go < 16.7) and [Fe/H]< —2.7, as provided 
by the SSPP, in the temperature range 4500 K < T c g < 7000 K, over which the SSPP estimates 
are best behaved. The choice of a conservative upper metallicity cut of [Fe/H] = —2.7 was made 
because previous high-resolution follow-up with Subaru and other telescopes had shown that the 
SSPP estimates of metallicity, at the time of sample selection, were consistently 0.2-0.3 dex too 
high at the lowest metallicities. The upper panel of Figure [U shows the distribution of [Fe/H] esti- 
mated from SDSS spectra (horizontal axis) using the version of the SSPP that was available when 
the targets for Subaru/HDS observations were selected in early 2008. Several stars having higher 
SSPP estimates of [Fe/H] or Vq > 16.5 were observed when appropriate targets did not exist in 
the observing period with Subaru/HDS. The Subaru high-resolution estimates of [Fe/H] for these 
same stars, shown on the vertical axis, are described below. 

It is clear from Figured] that the conservative choice on metallicity cut was indeed appropriate, 
as a considerable fraction (65%) of the stars with high-resolution estimates of [Fe/H] < —3.0 would 
have been missed had we set the selection boundary at [Fe/H] (SSPP) = —3.0. The lower panel of 
Figure Q] shows the effect of recent improvements in the SSPP, as discussed further below (§ 14. 2p . 

The list of 137 stars for which acceptable high-resolution spectroscopy was obtained with 
Subaru/HDS is given in Table [U where the object name, coordinates, photometry, and reddening 
data are provided, and discussed in detail below. In the following analysis, the objects are separated 
into turn-off stars, giants, and cool main-sequence stars, based on determinations of their effective 
temperature and gravity. According to this taxonomy, about 80% of the objects in our sample are 
main-sequence turn-off stars. Note that although some objects were identified as carbon-rich stars 
from the SDSS medium-resolution spectra prior to our obtaining high-resolution follow-up spectra, 
we gave no preference in their choice (for or against), so that our estimates of the fractions of such 
stars at low metallicity remains meaningful (see below). 



3. Observations and Data Reduction 

Acceptable quality high-resolution snapshot spectra for 137 of the original 143 target stars 
selected above were obtained with the Subaru Telescope High Dispersion Spectrograph (HDS: 



Noguchi et al.ll2002l ) in four observing runs in 2008 (March, May, July, and October). Several stars 
among the remaining eight stars were excluded because their S/N ratios were insufficient for our 
purpose. The other stars exhibit spectra that differ from "normal" metal-poor stars. The objects 
which are excluded in the analyses are reported in Appendix. 

The spectra cover 4000-6800 A, with a gap of 5330-5430 A due to the separation of the two 
EEV-CCDs used in the spectrograph. The resolving power R = 36, 000 is obtained with the slit 
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of 1.0 arcsec width and 2x2 CCD on-chip binning. The observing log is listed in Table [2j where 
the observing dates, exposure time, S/N ratios, and heliocentric radial velocity are presented. The 
average S/N ratios at 4300 and 5000 A per resolution element are 31 and 51, respectively. 

Data reduction was carried out with standard procedures using the IRAF echelle packagdl, 
including bias-level correction using the over-scan regions of the CCD data, scattered light subtrac- 
tion, flat-fielding, extraction of spectra, and wa yelength cal i bratio n using Th arc lines. Cosmic-ray 
hits were removed by the method described in lAoki et al.l ((2005). Sky background was not very 
significant in our spectra, which were obtained during times of little contamination from the moon. 
The multi-order echelle spectra were combined to a single spectrum by adding photon counts for 
the overlapping wavelength regions, and the combined spectrum was then normalized to the con- 
tinuum level. Spectra obtained with more than one exposure were combined by adding photon 
counts before continuum normalization. 



3.1. Equivalent Width Measurements 

Equivalent widths (Ws) were measured for isolated absorption lines in our spectra by fitting 
Gaussian profiles, using the line list gi yen in Table [ 3l Th e measurements were made with a fortran 



program of Gaussian fitting based on iPress et al.l (|1992l ) , including an estimate of the continuum 
level around each absorption line. 

The number of lines detected in the spectra depends on the metallicity, the stellar luminosity 
classification, and the S/N ratio. In the spectra of turn-off stars, typically 10-20 Fe I lines are 
measured. In some spectra with relatively lower S/N ratios and relatively high temperatures, the 
number of Fe I lines detected is less than 10. While a few Fe II lines are measured in most turn-off 
stars, no Fe II line is detected for 24 of our stars. A few lines of Na I, Mg I, and Ca I are measured 
for most turn-off stars, while other elements (e.g., Sc, Ti, Sr, Ba) are detected only for a limited 
number of objects. In general, the number of lines measured for giants is larger than that for 
turn-off stars, due to their lower effective temperatures. At least a few Fe II lines are detected for 
all giants in our sample. 



3.2. Radial velocities 

Radial velocities are measured using the Fe I lines for which equivalent widths are measured. 
The derived heliocentric radial velocities are given in Table [2J The random error in the measurement 
is estimated to be a v N~ 1 / 2 , where a v is the standard deviation of the derived values from individual 
lines, and N is the number of lines used. The table also provides the values obtained from the 



2 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc. under cooperative agreement with the National Science Foundation. 
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SDSS spectra used for sample selection. Comparisons of heliocentric radial velocities measured 
from the Subaru spectra with those from SDSS are shown in Figure [2j In our sample, three double- 
lined spectroscopic binaries are included, as reported below. The data points of these stars are 
over-plotted by open circles in the figure. Excluding these stars, the agreement between the two 
measurements is quite good, in almost all cases well within the expected errors. 



4. Abundance Analysis 

4.1. Effective Temperature Estimates 

Chemical abundances are determined by a standard analysis for measured equivalent widths 
using the ATLAS NEW ODF grid of model atmospheres, assuming no convective overshooting 
(|Castelli Kurucal2003l ) . The calculations of equivalent widths from models are made by th e LTE 



spectr um synthesis code based on the programs for the model atmospheres developed by iTsuii 
dl97sh . 



Owing to the lack of sufficient numbers of well-measured metallic lines in our snapshot spectra, 
we are not in a position to determine spectroscopic estimates of T e g- by the usual practice of 
minimizing the trend of the relationship between derived abundance and excitation potentials of 
the lines from which it is derived. Balmer line profiles are also not used to determine T e g, because 
the S/N ratios of our data are too low for accurate estimation of the continuum levels, although 
the Balmer lines were used in the first inspection of stellar types (see also Appendix). Instead, we 
have first estimated effective temperatures based on two sets of color indicies, an approach that 
also has limitations. For example, estimates of T e g derived for stars affected by large reddening are 
more uncertain, due to errors in obtaining estimates of their intrinsic colors. 

Esti mates of effective t emper ature based on (V — K)q colors are made u sing the temp e rature 
scales of iCasagrande et al.l (|2010l ) for turn-off stars (T e gssPP > 5500 K), and lAlonso et al.l (|1999l ) 
for giants (T e fjssPP < 5500 K). The metallicity is assumed to be [Fe/H]= —3.0 for all stars in 
order to carry out this calcu lation. The Vh m a gnitu de is derived from the SDSS go and (g — r)o, 
using the transformations of lZhao Newbera ((2006), which are suitable for low-m etallicity stars. 
The Kq magnitude is adopted from the 2MASS catalogue (ISkrutskie et al.ll2006l ). In all cases, 
the absorption and r eddening corrections were carried out based on the reddening estimates from 
Schlegel et all (|l99sh . 



The top panel of Figure [3] shows a comparison of T c g between the estimate from (V — K)q 
and that supplied by the SSPP. The SSPP actually provides two sets of effective temperature 
estimates, one of which is based on spectroscopy alone (essentially relying on the shape of the 
calibrated spectral energy distribution, index measurements of temperature-sensitive lines, and 
spectral fitting), while the other additionally includes photometric information in the estimates. 
For the stars in our sample, we found essentially no zero-point offsets between these approaches, with 
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an rms variation of no more than 50 K. Hence, we adopt the spectroscopy-only values determined by 
the SSPP for our comparisons. Stars for which the T e g estimates from photometry are potentially 
very uncertain, due to large reddening corrections, are excluded from this comparison. 

By inspection of the top panel from Figure El there is no significant offset between the two 
estimates for turn-off stars (T g> 5500 K), although the scatter is rather large. A likely cause of 
this scatter is the error in the K apparent magnitude measured by 2MASS, which can become large 
for stars as faint as some in our sample. An error of 0.1 magnitude in (V — K)q results in a T e g error 
of about 200 K. The la errors on the K magnitude for some of our fainter turn-off stars (K > 14.5) 
are even larger than 0.1 magnitude. To draw attention to these, they are shown as open circles in 
Figure O The scatter in the T e g- comparison for these stars is 395 K, much larger than that for 
other stars of similar T e g having errors smaller than 0.1 in their K magnitudes (c =241 K). 

For the cooler stars (T e g< 5500 K), a clear offset (about 140 K) is found between the T e g- 
obtained from the (V — -fQo-based estimate and that from the SSPP, although the rms scatter is 
small (a =214 K). None of the cooler stars have K magnitude errors larger than 0.1 magnitude. 

Estimates of T e Q based on (g — r)o color are made using the colors calculated based on ATLAS 
model atmosphere provided by Castelli et alJE For the purpose of this calculation, values of log g are 
assumed to be 4.0 and 2.0 for turn-off stars and giants, respectively, and the metallicity is assumed 
to be [Fe/H]= —3.0. A comparison of these T e g estimates with those supplied by the SSPP is shown 
in the middle panel of Figure [3j There is no significant offset between the two estimates for turn-off 
stars, and the scatter is smaller (35 K) than that found for (V — K)q considered above. Although 
a zero-point offset is found for the giants, it is smaller (74 K) than that found for (V — K)q. The 
reduced scatter may be a result of smaller reddening effects on the g — r color than on V — K, or 
simply the better photometric precision of the measured g — r colors. 

For completeness, the bottom panel of Figure [3] compares the effective temperatures estimated 
based on the two color indicies. 

In order to assess the dependence of our T e g estimates on metallicity, Figure 2] provides com- 
parisons for three metallicity ranges. Note that we have separated this sample using the [Fe/H] 
values derived from the abundance analysis in the present work, as described below. No significant 
dependence on metallicity is seen. 

Given the uncertainties in the (V — K)q based estimates, and the similarity of the {g — r)® based 
estimates with those from the SSPP, we simply adopt the (spectroscopic) effective temperatures 
determined by the SSPP for the remainder of our analysis. 



3 http://wwwuser. oat. ts.astro.it/castelli/colors/sloan. html 
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4.2. Gravity, metallicity, and micro-turbulence 



The logy values for turn-off stars are expected to cover the range from 3.5 (sub giant stars) 
to 4.5 ( main-sequence stars ) , according to various isochrones for very metal-poor stars (jKim et al 



2002 



Demarque et al.ll2004l ). Unfortunately, for these stars, our measurements only yielded a single 



or a few Fe II lines, which provides little opportunity to determine log y in the traditional manner, 
by demanding that the same abundance be returned by analysis of the two ionization stages. Hence, 
the surface gravity for turn-off stars (T e g> 5500 K) is simply set to logy = 4.0, and we accept that 
errors in its determination can be as large as 0.5 dex. We assess the impact of this assumption 
below. 

Figure [5] shows the differences in [Fe /H] derived from Fe I and Fe II for a sample of 88 turn-off 
stars for which at least one Fe II line is detected. The average and standard deviation for each 
0.2 dex bin of [Fe/H] are represented by an open circle and bars, respectively. No significant offset 
between the [Fe/H] abundances from the two species appears for [Fe/H]> —3.3. The small offset 
found in the lower metallicity range could be a result of a bias in the sample, arising from the fact 
that no Fe II line is detected for a larger fraction of these stars. Indeed, Fe II lines are detected for 
only 13 objects among the 24 turn-off stars with [Fe/H]< —3.3. The Fe II lines are weaker due to 
the generally higher gravities in objects for which the Fe II lines are not detected. Excluding this 
bias, the gravity adopted in our analysis for turn-off stars (logy = 4.0) is well justified, based on 
this comparison. 

The uncertainty in our logy values is estimated to be 0.5 dex, based on the standard deviation 
of about 0.2 dex found in A [Fe/H] from Fe I and Fe II (see § 14.31 and Tabled]). We note that the 
iron abundance measured from Fe I, which is the metallicity indicator used in this paper, as well 
as the abundance ratios [Mg/Fe], [Ca/Fe] and [Ba/Fe], which are important for the discussion to 
follow, are not very sensitive to the logy values. 

We note that the logy values determined by SSPP for our turn-off stars are lower than 4.0 
on average, and those for 47 stars are lower than 3.5. We suspect that the uncertainty in gravity 
determination by the SSPP for EMP stars is still larger than the errors estimated for the entire 
SSPP sample (see § 12. If) . and further calibration for the lowest metallicity range is required. 

For giants, where greater numbers of Fe II lines are detectable, the logy values are determined 
by seeking agreement between the iron abundances derived from the Fe I and Fe II lines, within 
measurement errors. Note that our sample includes four cool stars (T e g< 5200 K) that exhibit very 
weak features of ionized species, including Fe II, compared to red giants of similar temperatures, 
indicating that they are on the main sequence. Two o f them (SDSS 1703+2836 and SDSS 2357- 
0052) have already been studied by lAoki et al.1 (120101 ). The surface gravities of these stars are 
estimated by readin g off the value f rom an isochrone ap propriate for low- mass metal-poor stars 
with ages of 12 Gyr (IKim et al.ll2002l). a s was also done bv lAoki et al.l (|2010l ). We adopt logy = 4.8 
for the two stars studied bv lAoki et al.l (|2010l ). and 5.0 for the other two cooler objects. The high 
surface gravity for these stars explains the strong features of the Mg I b lines, due to the broader 
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wings, as well as the detectable CH G-band, without assuming exceptional over-abundances of C 
and Mg. 

The micro-turbulent velocity, v m \r rn, for turn-off star s is fixed to 1.5 km s _1 , which is a typical 



value found by previous studies (e.g., ICohen et al.l 12004). Since the abundance measurements for 



most elements in turn-off stars are based on weak lines, the result is insensitive to the adopted 
micro-turbulent velocity. The values for giants are determined from the analysis of Fe I lines, 
by forcing the iron abundances from individual lines to exhibit no dependence on the measured 
equivalent widths. The v micro of cool main-sequence stars is assumed to be zero, which best explains 
the relation between the equivalent widths of Fe I lines and the abundances from individual lines. 
There remains a weak trend in the relation, which can be resolved by assuming negative values 
for ^micro- This suggests that the lin e broa dening from the Unsold approximation should not be 



enhanced, as discussed by lAoki et al.1 (j2010l ). 



The metallicity of the model atmospheres ([M/H] = [Fe/H]) is fixed to —3.0. The tempera- 
ture/density structure of photospheres, and the chemical abundances derived using model atmo- 
spheres, is not very sensitive to the assumed metallicity in such very/extremely metal-poor stars. 
Exceptions are found for the three stars for which [Fe/H]> —2.5 was derived; in such cases we 
iterated the analysis to obtain consistent [Fe/H] values. 

Figure [U shows the [Fe/H] abundances determined by the analysis of high-resolution spec- 
tra compared with those supplied by the SSPP for SDSS medium-resolution spectra. The upper 
panel shows the comparison for the estimates from SDSS spectra which were available when tar- 
get selection for the Subaru observations was carried out in 2008. This comparison indicates that 
very/extremely metal-poor stars are efficiently selected from the SDSS measurements. Among 
the targets for which [Fe/H] is estimated to be lower than —2.7 from the SSPP estimate (most 
of objects in our sample, with few exceptions), only 10 stars have high-resolution determinations 
[Fe/H]> —2.7. This demonstrates a clear advantage of using the results of the SDSS survey for 
picking EMP targets, relative to previous surveys based on low-resolution objective-prism spectra. 

On the other hand, the correlation between the two measurements of [Fe/H] is weak, as seen 
in the upper panel of Figure [TJ In particular, stars for which the iron abundance is estimated to 
be —3.0 <[Fe/H]< —2.7 exhibit very large scatter. Since the number of objects that have high 
[Fe/H] ([Fe/H]> —2.5; measured from high-resolution spectra) is small, the large scatter is due 
to the existence of many EMP ([Fe/H]< —3.0) stars among them. Moreover, almost all stars for 
which [Fe/H]< —3 as derived from the SDSS spectra exhibit lower [Fe/H] as obtained from the 
high-resolution spectra. This comparison indicates that the criterion in the sample selection for 
the [Fe/H] values from SDSS (based on an earlier version of SSPP) provides a homogeneous sample 
for lower metallicity ([Fe/H]< —3), while the selection could be incomplete for stars of higher 
metallicity. 

The lower panel of Figured] shows a comparison of [Fe/H] abundances derived by our analysis of 
high-resolution spectra with the SDSS estimates supplied by the latest version of SSPP. In contrast 
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to the upper panel, there is no clear offset between the two estimates. However, the scatter is 
still larger than preferred for detailed inference of, e.g., the nature of the metallicity distribution 
function (MDF) at very/extremely low metallicity. We also note that, in particular for metallicities 
as low as those considered in our present analysis, the effects of interstellar Ca II on metallicities 
calculated from medium-resolution spectra can be large, in particular for warmer stars, which rely 
almost entirely on the strength of the Ca II K line for their metallicity estimation. Thus, we are 
reminded once again that high-resolution spectroscopy is required to obtain accurate metallicity 
estimates for individual EMP stars. 

The [Fe/H] values we estimate for the four cool main-sequence stars from our high-resolution 
spectra are lower than those from the SSPP, by ~ 0.3 dex. The gravity estimates for these stars 
are also significantly higher than reported by the SSPP for the medium-resolution spectra, which 
may also contribute some to the offset in [Fe/H]. It should be kept in mind that, due to their 
low luminosities, cool dwarfs infrequently enter into samples of VMP/EMP stars selected from 
magnitude limited samples. Nevertheless, future adjustments to the SSPP may be able to better 
handle such stars. 



4.3. Abundance measurements 

Standard LTE abundance analyses for measured equivalent widths have been made for other 
elements. The derived abundances are presented in Table [5j The errors given in the table include 
random errors and those due to uncertainties of atmospheric parameters. The random errors in the 
measurements are estimated to be aN~ 1 / 2 , where a is the standard deviation of derived abundances 
from individual lines, and N is the number of lines used. Since the N for most elements other than 
Fe is small, the a of Fe I (<7Fei) is adopted in the estimates for them (i.e. error is crpei-ZV ~ 1 / 2 ). The 
errors due to the uncertainty of the atmospheric parameters are estimated for a turn-off star and a 
giant (Tabled]), for 5T e s= 150 K, 5logg= 0.5, and 5v m i cro = 0.5 km s _1 ). These errors are added 
in quadrature to the random errors to derive the total errors given in Table [5) 



4.4. Carbon abundances 



Carbon abundances are determined for 28 stars in our sample, based on the CH G-band (the 
Q branches of CH A-X system at ~ 4320 A), as well as the C2 Swan 0-0 band at 5165 A. Examples 
of the s pectra of the CH band are shown in Figure El The molecular data are the same as those 
used in koki et al.1 (|2007l ). 



The CH G-band is detected for 14 stars among the 25 giants, and for all four of the cool 
main-sequence stars. Nine giants are carbon enhanced ([C/Fe] > +0.7). The C2 band is used to 
determine the carbon abundances of four stars, because the CH G-band in these objects is almost 
saturated. The detection limit of the CH G-band in a red giant with T c g- < 5500 K is approximately 
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[C/H]~ —2.5 for spectra of snapshot quality (S/N~ 30). Hence, stars for which the CH G-band 
feature is not detected are unlikely to be CEMP stars. The fraction of CEMP stars in our sample 
is 9/25~ 36%, which is in agreement with the estimate by Carollo et al. (2012) for [Fe/H]~ —3, 
i.e., at the limit of their sample. 

None of the four cool main-sequence stars in our sample are carbon enhanced. The CH G- 
band is detected for such objects because of their low temperatures and the high pressure of their 
atmospheres. Among the four stars, the lowest carbon abundance ratio is found for SDSS J0018- 
0939 ([C/Fe]= —0.7). Although the CH G-band of this star is weak and the measurement is 
uncertain, a conservative upper limit is [C/Fe]< —0.3, which is already lower than the carbon 
abundances found in other cool main-sequence stars. A weak CH G-band could alternatively be 
explained by assuming a lower gravity. However, the weak features of ionized species such as Fe II 
cannot be accounted for if this object is assumed to be a red giant (log g < 3). Thus, the under- 
abundance of carbon in this star is a robust result, although a higher quality spectrum is required 
to derive an accurate estimate of its abundance. 

In contrast to the giants, the CH G-band is detected for only 10 stars among the 108 turn- 
off stars. All of these objects are highly carbon enhanced ([C/Fe] > +2). The detection limit 
of the CH G-band for a turn-off star with T cfT ~ 6000 K is [C/H]~ -1.5 ([C/Fe]~ +1.5 for 
[Fe/H]~ —3), indicating that the CH G-band is not measurable even for the mildly carbon-enhanced 
(+0.7 <[C/Fe]< +1.5) stars in our sample. Hence, the fraction of CEMP objects for the turn-off 
stars (10/108~ 9%) should be regarded as a lower limit. 



4.5. 



Analysis of the comparison star G 64 



12 



In order to examine the reliability of the abundances determined from our snapshot spectra, we 
obtained a spectrum of the well-studied EMP turn-off star G 64-12, using the same instrumental 
setup and integrating to a similar S/N ratio as for the bulk of our sample, employing a short (five 



minut e) exposure time. The chemical composition of this object was reported on by lAoki et al 



(|2006l ). using a high-resolution, high S/N spectrum. The abundance analy sis for this object was 
conducted adopting the same model atm osphere used in lAoki et al.l (120061 ). that is, the ATLAS 
model including convective overshooting (lKurucall993l ) for T e g- = 6380 K, log g = 4.4 and [Fe/H] 
3.2. The results are compared in Table CZ) The [Fe/H] and [X/Fe] values are calculated adopting 



the solar abundances of lAsplund et all (|2009l ) for both cases. The agreement is fairly good for most 
species: the differences of the two measurements (loge values) are within 0.12 dex, which are as 
small as the random errors in the present analyses. An exception is the Sr abundance, which is 



The N a abundance was determined from the same spectrum to be loge(Na) 



Aoki et al. (2006). 


2.74 by 


Aoki et al. 



(|2009i ) , adopting slightly different atmospheric parameters (Table [7]) , which agrees well with the 
Na abundance measured by the present work (loge(Na) = 2.82). 
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4.6. Double-lined spectroscopic binaries 

Three stars in our sample clearly exhibit two (or three, in the case of one star) sets of absorption 
features with distinct doppler shifts, suggesting these objects to be double-lined spectroscopic 
binaries or multiple systems. The region of the spectra around the Mg b lines of these objects is 
shown in Figure El 



SDSS J0817+2641 was already studied bv lAoki et al.l (|2008l ). The spectrum obtained in their 



study (on February 9, 2007) is shown in the second panel of Figure [71 The second component 
of the absorption features is not obvious in t heir s pectrum, while it is clearly seen in our new 



spectrum shown in the third panel. lAoki et al.l (|2008l ) reported a discrepancy in the radial velocities 



measured from the SDSS medium-resolution spectrum and their Subaru high-resolution data. The 
discrepancy is most likely a result of the large doppler shifts of both components, or possibly due to 
the uncertainty of the measurements from the medium-resolution spectrum, which was incapable 
of resolving the two components. This also suggests that, given the overall excellent quality of 
the SDSS stellar velocity determinations (especially for the brighter stars one naturally targets for 
high-resolution spectroscopic follow-up), as described in § 13. 2\ that obtaining even a single-epoch 
snapshot quality high-resolution spectrum is an efficient way to identify at least high-amplitude 
binary variations in a sample of stars. 

The spectrum of SDSS J1108+1747, obtained on March 7, 2008 (fourth panel of Fig. [7J) 
exhibits triple spectral features, indicating that this system consists of at least three stars of similar 
luminosity. A significant change of the spectral features is found in its March 9 spectrum (fifth 
panel), in which only two components appear. The correspondence between the features of the two 
spectra is still unclear because of the limited quality of our spectra. This is, to our knowledge, the 
most metal-deficient multiple (n > 3) system yet discovered ([Fe/H] ~ —3). 

In order to accurately measure the chemical compositions of these objects, we need to determine 
the contribution of each component to the continuum light. This is only possible by determining 
the mass ratios from long-term radial velocity monitoring. However, the ratios of the apparent 
strengths of the Mg b lines (depths of the absorption lines) are at most three or four, suggesting 
that the components have comparable luminosities. The objects have T e g around 6000 K. Hence, 
the spectral features can be modeled by adding the spectra of two or three main-sequence stars that 
have slightly different mass (mass ratios of 1.2 or smaller; see Goldberg et al. 2002), which have 
similar strengths of the (partially saturated) Mg b lines. For a rough estimate of the contribution 
of each component to the continuum light, we assume that the contribution is in proportion to 
the depth of the Mg b absorption lines. The primary components of the Mg b lines identified 
by the present work are indicated by the filled triangles in Figure [71 The contributions of the 
primary components estimated by this method are 75%, 80%, and 40% in SDSS J1410+5350, 
SDSS J0817+2641, and SDSS J1108+1747, respectively. The equivalent widths measured for the 
primary components by Gaussian fitting are divided by these factors for carrying out the abundance 
analyses. 
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The abundance analyses for the primary components of these objects are made as for other 
single-lined stars. We adopt the T e g- determined by SSPP with no modification; the T e fj's estimated 
from colors agree with the SSPP results. The colors of the (integrated) system should be similar 
to the colors of the primary component - if the primary is distinctively warmer than the other 
components, it should dominate the system luminosity, while the primary should have similar T e g 
to the other components if it does not dominate the system luminosity. 



5. Discussion 

5.1. Carbon-Enhanced Metal-Poor (CEMP) Stars 

Previous studies of CEMP stars have clearly demonstrated that they are separable into at least 
two primary classes: CEMP stars exhibiting large enhancements of s-process elements (C EMP-s), 



and those with no excess of neutron-capture elements (CEMP-no) (jBeers &: Christlieb 1120051 ). Note 
that recent studies of CEMP-s stars split this class even more granularly (e.g., Bisterzo et al. 2011). 
The fraction of C EMP-no stars among all CEMP sta rs is ~ 20%, and increases with decreasing 



stellar metallicity (jAoki et al.1 120071 : iHollek et al.l l201ll ) . The distribution of the [C /H] ratios also 



appears to be different between the two classes - most of the CEMP-s stars exhibit quite high 



value s ([C/H]> —1), while the CEMP-no class exhibits a wide distribution of values (jAoki et al 



20071 ). 



Among the nine CEMP red giants in our sample, only two possess large excesses of Ba ([Ba/Fe] 
> +1: SDSS J1836+6317 and SDSS J1734+4316). One exhibits a moderate excess of Ba ( [Ba/Fe] = 
+0.8: SDSS J0711+6702). Four stars have solar or lower Ba abundance ratios ([Ba/Fe] < 0), hence 
are classified as CEMP-no stars. Although Ba is not measured for the other two CEMP red giants, 
they could also be CEMP-no, given the detection limit of Ba in red giants ([Ba/Fe] ~ —0.5 at 
[Fe/H] ~ — 3). Hence, six objects among the nine CEMP giants in our sample are CEMP-no 
stars. This result suggests that a high fraction of CEMP-no stars exists in this metallicity range 
(-3.4 <[Fe/H]< -2.5). 

Possible progenitors for the CEMP-no class include massive, rapidly rotating, mega metal- 
poor ([Fe/H] < —6.0) stars, which models suggest have greatly enhanced abundances of CNO 
due to distinctive internal burning and mixing episodes, followed by strong mass loss (Hirschi 
et al. 2006; Meynet et al. 2006, 2010a, b). Another suggested mechanism for the production 
of the material incorporated into CEMP-no stars is pollution of the interstellar medium by so- 
called faint supernovae associated with the first generations of stars, which experience extensive 
mixing and fallback during their explosions (Umeda & Nomoto 2003, 2005; Tominaga et al. 2007). 
This model well-reproduces the observed abundance pattern of the CEMP-no star BD+44°493, 
the ninth-magnitude [Fe/H] = -3.7 star (with [C/Fe] = +1.3, [N/Fe] = +0.3, [O/Fe] = +1.6) 
discussed by Ito et al. (2009). The recently reported high redshift (z = 2.3), extremely metal- 
poor Damped Lyman-a (DLA) system by Cooke et al. (2011: [Fe/H]~ —3.0) exhibits enhanced 
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carbonicity ([C/Fe] = +1.5) and other elemental abundance signatures that iKobavashi et al.l (|201ll ) 
also associate with production by faint supernovae. In addition, a fraction of CEMP-no stars might 
belong to binary systems and have been form ed by mass trans fer from AGB stars that yielded no 



s-process elements but enriched carbon (e.g., ISuda et al.l 12004 ) 



Eight of the 10 CEMP turn-off stars exhibit large enhancements of Ba. Although the metal- 
licities of these stars are similar to those of the CEMP giants, the fraction of CEMP-s stars is 
apparently higher among the turn-off stars than for the red giants. The carbon over-abundances 
of all the CEMP turn-off stars are much larger than the average over-abundances of the CEMP 
giants, presumably because the detection limit of th e CH G-band is h igher for these warmer stars. 
As shown by previous studies of CEMP stars (e.g., lAoki et al.l 120071 ). the [C/H] distributions are 
quite different between the two classes of CEMP stars: a large fraction of CEMP-s stars have higher 
[C/H] values. Hence, the high fraction of the CEMP-s stars among the CEMP turn-off stars could 
be simply due to this bias in the sample. In other words, one can assume that many additional 
CEMP-no stars could be included among the turn-off stars of our sample, but they have not yet 
been identified as CEMP stars. 

We comment here on five CEMP stars that have remarkable features in their chemical com- 
positions or stellar parameters. 

SDSS J1036+1212 - a CEMP-s star with [Fe/H]= —3.5 and a Spite plateau Li abundance: This 
extremely metal-poor turn-off star (T e g= 5850 K) exhibits excesses of carbon ([C/Fe] = +1.5) and 
Ba ([Ba/Fe] = +1.3). The [Sr/Ba] ratio is very low ([Sr/Ba] = —2.1), suggesting the contribution 
of the s-process even at extremely low metallic ity, which efficient ly produces heavy elements due to 
the high ratio of neutrons to seed nuclei (e.g., iBusso et al .11 19991 ). The Li I resonance line is clearly 
detected for this star, even in our snapshot spectrum with a moderate S/N ratio. The equivalent 
width of the Li line is 52mA, resulting in loge(Li)= 2.2. This value agrees with the Li abundances 
typically found for metal-poor turn-off stars (the so-called Spite plateau value: e.g., Spite & Spite 
1982; Melendez et al. 2010). The excesses of carbon and barium in such stars is usually interpreted 
as the result of mass transfer from a companion AGB star. If the amount of mass transferred from 
the AGB star was large, and the Li was depleted on the surface of the AGB star, the Li should 
also be depleted in the star we are currently observing. Thus, more accurate determinations of the 
Li abundance of this star will provide an upper limit on the mass transferred from the AGB star. 
We have already obtained a higher S/N spectrum of this object, and a detailed study will appear 
in a separate paper in this series. 

SDSS J1613+5309 - a CEMP-no star with a Mg excess: This object is an EMP ([Fe/H] 
= —3.3) giant that exhibits a moderate excess of Mg ([Mg/Fe] = +0.9), but no excess of Ba. Two 
previously identified CEMP stars are known to possess large excesses of a-elements (CS 22949-037 
and CS 29498-043: M cWilliam et al. 1995, Aok i et al. 2002a, Aoki et al. 2002b), and are referred 
to as CEMP-a stars (jBeers &: Christlieb 1 120051 ) . Although the excess of the a-elements of SDSS 
J1613+5309 is not as clear as for the two previous objects, this star is likely a new member of 
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the CEMP-a class. We note in passing that enhanced a-elements are often (though not always) 
associated with the CEMP-no class. 

SDSS J 1836+6317 and SDSS 312^5-0138 - CEMP-s stars with large excesses of Na and Mg: 
These are typical CEMP-s stars, having [Ba/Fe] > +2.0. They exhibit large excesses of Na ([Na/Fe] 
> +1.3) and moderate excesses of Mg ([Mg/Fe] ~ +0.8). Similar over-abunda nces of Na and M g 



are also found in several previously studied CEMP-s stars, e.g., LP 625-44 (jAoki et al.ll200 2a). 
Although the source of the Na and Mg in such objects is not well understood, nucleosynthesis in 
AGB stars that yielded the large over-abundances of neutron-capture elements may also be related 



to the production of these light elements. For instance, the s-process models by iBisterzo et al 



( 201ll ) suggest dependence of Na production by 22 Ne(n, 7) 23 Ne (and /3-decay of 23 Ne) on stellar 



mass. 



SDSS J0126+0607 - a "hot" CEMP-s star. The T cff of this object is the highest (6900 K) in 
our sample, and the excesses of carbon and Ba are also the highest ([C/Fe] = +3.1 and [Ba/Fe] 
= +3.2). Such CEMP-s stars could be formed by accretion of significant amounts of carbon- 
enhanced material from an AGB star across a binary system. Some previously known hot (T e g 
~ 7000 K) CEMP-s stars (e.g., CS 29497-030: Sivarani et al. 2004, Ivans et al. 2005; CS 29526- 
110: Aoki et al. 2008) exhibit variations of radial velocities with short timescales (less than one 
year). Future monitoring of the radial velocity for this object, as well as more detailed chemical- 
abundance studies, will provide new insight for the formation mechanism of such hot CEMP-s 
stars. 



5.2. The a-elements 



5.2.1. Abundance scatter and outliers 



Figure [8] shows the abundance ratios of [Mg/Fe], [Ca/Fe], and [Mg/Ca] for turn-off stars (filled 
circles) and cooler stars (open circles). The average and standard deviation of the abundance ratios 
for each 0.2 dex bin of [Fe/H] are indicated by large open circles and bars, connected by a solid line. 
The average and standard deviation of the abundance ratios determined by previous studies, which 
are taken from the SAGA database (jSuda et al.ll2008l ). are also shown by crosses and a dashed line, 
for comparison. The standard deviations of [Mg/Fe] and [Ca/Fe] of our sample are 0.25-0.35 dex, 
as small as the measurement errors. Hence, no clear intrinsic scatter of the abundance ratios is 
found in these diagrams. 

Non-LTE e ffects on abundance me asurements for extremely metal-p o or st ars w ere investi- 



gated for Mg by lAndrievskv et al.1 (|2010l ) , and for Ca by iMashonkina et al.1 (|2007l ) and ISpite et al 



(201 2J). The non - LTE corrections for Mg are positive, and the size is 0.1-0.3 dex, according to 
Andrievsky et al.l (120101 ) . The corrections are systematically larger for dwarf stars than for giants. 
Hence, the Mg abundance ratios could be systematically higher than those derived by our LTE 
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analysis. The non-LTE corrections for Ca abundances measured from neutral species are depen- 
dent on spectral lines: the correction is largest for measurements based on the Ca I 4226 A line, 
which is used in our analysis fo r a portion of the sample. The corrections are estimated to be 



0.0-0.2 dex by ISpite et al.l ([2012]). Hence, the effects are not significant when other lines (such as 
the subordinate lines) of Ca I are available, as in the case of analyses for giants in our sample. We 
note that the abundance results taken from the SAGA database are based on LTE analyses. 

We would like to comment on possible outliers in Mg abundances as candidate a-element- 
enhanced or a-deficient stars. Although some apparent outliers exist in [Ca/Fe], the Ca abundances 
are determined from only one feature at 4226 A in many cases, for which the S/N ratios are not 
as high as in the red range, and which could be affected by contamination from the CH features in 
carbon-enhanced objects. Hence, the Ca abundances are discussed only for comparison purposes. 

There are seven stars that have [Mg/Fe] > +0.8. Two of them are CEMP stars, as discussed 
above. Three objects (SDSS J0840+5405, SDSS J1623+3913, and SDSS J2104-0104) also exhibit 
some excess of Ca ([Ca/Fe] > +0.7), suggesting that their excesses of the a-elements are real. 

The Mg abundance ratios of the other two stars (SDSS J1412+5609 and SDSS J1424+5615) 
are also very high ( [Mg/Fe] ~ +0.9), while their Ca abundances appear normal. If this result is 
real, this suggests scatter of chemical-abundance ratios produced by the progenitor massive star 
and its supernova explosion. 

There are four stars that have [Mg/Fe] < —0.2. One of the four stars is a cool main-sequence 
star (SDSS J0018-0939: [Mg/Fe] = -0.44). The Mg abundance is determined from the Mg I b 
lines, which are rather sensitive to the adopted broadening parameter. However, the non-detection 
of other Mg I lines (e.g., 5528 A) results in an upper limit of [Mg/Fe] ~ 0.0, indicating a deficiency 
of Mg in this star. The [Ca/Fe] ratio of this star is also below the solar value. Moreover, the 
carbon abundance of this object is very low ([C/Fe] = —0.7), as mentioned in § 14.41 The Na is also 
significantly under- abundant ([Na/Fe] = —1.0). Further detailed abundance study of this object 
is desirable, as a candidate VMP star revealing a peculiar nucleosynthesis episode in the early 
chemical enrichment of the Galaxy. 

Another object (SDSS J0254+3328: [Mg/Fe] = -0.3) also exhibits a relatively low Ca abun- 
dance ([Ca/Fe] = 0.0) for a star at this very low metallicity ([Fe/H] = —2.8), and could be an 
a-element-deficient star. The other two stars, SDSS J1241— 0837 and SDSS J1633+3907, have 
normal Ca abundances for halo stars, and the deficiency of the a-elements in general is unclear. 

Excluding such outliers, no clear scatter of the [a/Fe] ratios is detected, within the measure- 
ment errors, in our sample. This indicates that there is no large scatter in the ab undance ratios 



of these elements even at very low metallicity, as suggested by previous studies ([Francois et al 



20041 : lArnone et al.l 120051 : lAndrievsky et al.1 |2010j) . Higher quality spectra are required to investi- 



gate the small size of the abundance scatter, if any, which will provide useful constraints on the 
early chemical enrichment of the Galaxy by supernovae and subsequent mixing in the interstellar 
medium. 
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5.2.2. Abundance Trends 



The averages of [Mg/Fe] and [Ca/Fe] clearly exhibit over-a bundances of thes e elements in EMP 



stars, as have bee n found by numerous previous studies (e.g., iRvan et al.lll99a : iMcWilliam 



1997 



Cavrel et al.ll2004l ). There is no clear increasing or decreasing trend of the [Mg/Fe] and [Ca/Fe] 
abundance ratios in the sample taken from the SAGA database, as shown by the dashed lines in 
Figure O This is also the case for stars with [Fe/H]< —2.8 in our sample; the average values of 
[Mg/Fe] and [Ca/Fe] a re +0.4 and +0-3, respectively, in agre ement with those reported by many 
previous studies (e.g., lLai et al.1 120081 : 1 Andrievsky et al.ll2010l ). 



However, the abundance ratios at [Fe/H] = -2.6 (([Mg/Fe]) = +0.08 and ([Ca/Fe]} = -0.04) 
are lower than these averages for the stars with [Fe/H] < —2.8. Although the standard deviations 
are as large as 0.25 dex, the difference is statistically significant, given the sample size (11 objects) 
in this bin. Indeed, the null hypothesis that the [Mg/Fe] for stars in the bin (—2.7 < [Fe/H] < —2.5) 
and for the lower metallicity stars ([Fe/H] < —2.7) are drawn from the same parent population is 
rejected by the Mann- Whitney rank-sum test at high significance (p < 0.001). 

This metallicity bin includes a relatively large fraction of giants (six giants among the 11 stars). 
However, there is no significant difference in the average [Mg/Fe] between giants and turn-off stars 
in our entire sample (the difference is less than 0.01 dex). Moreover, the average [Mg/Fe] for the 
six giants in the metallicity range —2.7 <[Fe/H]< —2.5 (<[Mg/Fe]> = +0.16) is rather higher than 
for the five turn-off stars in the bin (< [Mg/Fe] > = —0.03). Hence, the relatively large fraction of 
giants in this bin is unlikely to be the reason for the low [Mg/Fe]. 

The [Mg/Ca] ratio is almost constant over the full metallicity range in our sample, as found 
by previous studies. Hence, the abundance trend of our sample suggests a decreasing trend of the 
a-elements at [Fe/H]~ —2.5. 

Recent abundance studies of halo stars with available f ull space motions suggest different trends 



in the [a/Fe] abundanc e ratios depending on kinematics (|Zhang et al.1 120091 : llshigaki et al 



2010 



Nissen h Schuster! l2010l ). These studies mostly include less metal-poor stars ([Fe/H]> —2.0) than 
our sample. Further investigations of the kinematics, as well as their chemical abundance ratios, 
for significantly more metal-poor stars, such as those included in our present sample, is desired to 
understand the early formation processes of the Galactic halo system. 



5.3. Sr and Ba 



Figure[9]shows the abundance ratios of [Sr/Fe], [Ba/Fe], and [Sr/Ba] as a function of metallicity. 
The resul ts are compared with those obtained by previous studies, also taken from the SAGA 
database (jSuda et al.ll2008l ). which are shown by open circles (carbon- normal stars) and asterisks 
(carbon-enhanced stars). 
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Non-LT E effects on Sr an d Ba a bundance determinations were investigated bv lAndrievskv et al 



(|201ll ) and lAndrievskv et al.l (|2009i ). respectively. The abundance corrections for Ba are positive, 
hence our LTE analyses could systematically underestimate the Ba abundances, though the cor- 
rection would be at most 0.3 dex. The correction for Sr abundances determined from the Sr II 
4077 and 4215 A lines could be positive and negative, depending on the stellar parameters. The 
corrections are, however, at most 0.2 dex. Since these effects are much smaller than the scatter 
found in the Sr and Ba abundance ratios, our discussion here is not significantly affected by the 
non-LTE effects. 

The [Sr/Fe] ratios (top panel) exhibit a scatter of about one order of magnitude. Interest- 
ingly, this scatter is much smaller than that found by previous studies at [Fe/H] ~ —3 (e.g . , 



McWilliam et alJll993 ; iRyan et al. 



1996 



Honda et al.ll2004l : lAoki et al.ll2005l : iFrancois et al.ll2007h . 



However, this could be the result of a bias in the sample, since the Sr II lines are in the blue 
range (where the spectral data quality is not high), and are only detected in stars having high Sr 
abundance. Indeed, the objects in our sample distribute in the range of [Sr/Fe] > —1, below which 
many stars are found in the SAGA sample. In other words, there are likely to be many stars having 
lower [Sr/Fe] ratios in our sample for which the Sr lines are not detected. 

Although the situation is similar for the [Ba/Fe] ratios (middle panel), the scatter is much 
larger than for [Sr/Fe]. This is mostly due to the large excesses of Ba in carbon-enhanced stars 
(the CEMP-s stars), which are shown by over-plotting large open circles. This is clear from the 
comparison with previous studies: carbon-enhanced objects in the SAGA sample are shown by 
asterisks in Figure M The s-process at low metallicity is known to yield larger amou nts of heavy 



neutron-capture elements , such as Ba, compared to lighter elements such as Sr (e.g., iBusso et al 



1999 



Bisterzo et al 



2011 



This is clearly seen in the [Sr/Ba] ratios (bottom panel), where most 
of the CEMP stars exhibit low [Sr/Ba] ratios. There is one exception, at [Fe/H]= —3.0, that has a 
very high [Sr/Ba] ratio ([Sr/Ba] = +2.2). This star, SDSS J1422+0031, exhibits no excess of Ba 
([Ba/Fe] = —1.0), and is classified as a CEMP-no star. 

Excluding the CEMP-s stars, four other stars have [Ba/Fe] > +0.5. A mong them , SPS S 
J2357-0052 is a highly r-process-enhanced (r-II) star, reported on in detail by lAoki et al.l (j2010f ) . 
This object is the first example of a cool EMP main-sequence star with large excesses of r-process 
elements. The metallicity is the lowest, and the excess of Eu is the highest ([Eu/Fe]=+1.9), among 
the r-II stars known to date. We note that the Fe abu ndance of this obj ect derived in the present 
work ([Fe/H]= —3.2) is slightly higher than the result of lAoki et al.l (|2010l ). because the T e g- adopted 
here is slightly higher. 

SDSS J0932+0241 is another EMP star exhibiting a large excess of Ba ([Ba/Fe]= +1.2). 
Because of the limited quality of our spectrum and the star's high temperature (T c g= 6200 K), the 
abundances of most other heavy elements are not determined. We note that the [Sr/Ba] ratio of 
this star ([Sr/Ba] = —0.3) is significantly higher than the values found in CEMP-s stars, suggesting 
the origin of these heavy elements are attributable to the r-process, rather than to the s-process. 
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If t his is confirmed, th is object is the first clear example of r-II stars at the main-sequence turn- 
off (jSneden et al.l 120081 ) . Further detailed abundance study is desirable for this object to firmly 
establish the origin of the excess in Ba. 

The other two stars, SDSS J0008-0529 and SDSS J2128-0756, exhibit [Ba/Fe] ratios of +0.6 
and +0.8, respectively. If the origin of the Ba in these stars is the r-process, the [Eu/Fe] values 
are expected to be higher than +1. Measurements of the heavy elements in these objects, based 
on higher quality spectra, are also desirable for further studies of r-II stars. 

Another interesting object is SDSS J0140+2344, which has a large overabundance of Sr 
([Sr/Fe]> +1) with no clear excess of Ba . Though many me tal-poor stars having high Sr/Ba 



ratios are known (e.g., iHonda et al J 12004 : iFrancois et al.l 120071 ) . this object is unique because of 
its low metallicity ([Fe/H]= —3.7). Further detailed abundance study is desired to understand the 
implication of the Sr overabundance in this object. 



6. Summary 

We have determined stellar parameters and chemical compositions, based on high-resolution 
spectra obtained with the Subaru/HDS, for 137 very/extremely metal-poor stars selected from 
SDSS/SEGUE. Comparisons of the Fe abundances derived by the present work with the estimates 
by the recent pipeline analyses for the SDSS spectra (SSPP) exhibit no significant offset, even in 
the lowest metallicity range ([Fe/H]< —3), while scatter in the comparisons indicates that high- 
resolution spectroscopy is required to determine accurate metallicity for individual stars. The 
abundance ratios of carbon, the a-elements, and the neutron-capture elements derived from our 
high-resolution spectra will provide useful calibrations for the estimates from SDSS spectra. 

The fraction of carbon-enhanced objects and the abundance ratios of a-elements and neutron- 
capture elements are discussed for the overall sample. More detailed abundance patterns will be 
studied based on higher-resolution, higher-S/N spectra for selected objects, in particular those 
having the lowest metallicity ([Fe/H]< —3.5), . 

Our sample includes three double-lined spectroscopic binaries (including a triple system), for 
which chemical compositions of the primary stars are estimated taking the veiling by the secondary 
into consideration. Follow-up studies for these binaries will be useful for understanding low-mass 
star formation at low metallicity in the early era of the Galaxy. 

Funding for the SDSS and SDSS-II has been provided by the Alfred P. Sloan Foundation, 
the Participating Institutions, the National Science Foundation, the U.S. Department of Energy, 
the National Aeronautics and Space Administration, the Japanese Monbukagakusho, the Max 
Planck Society, and the Higher Education Funding Council for England. The SDSS Web site is 
|http:/ /www.sdss.org/[ 
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A. Objects Not Analyzed 

The six objects observed, but not analyzed, in the present work are listed in Table El The 
spectra around the wavelengths of Mg I b lines and Ha are shown in Figures [10] and [TTJ 

Two ob jects (SPSS J0004- 0340 and SDSS J1150+6831) are included in the list of white dwarfs 



reported bv lDebes et al.l (|201ll ). They exhibit broad and shallow Ha absorption lines and no clear 
Mg I b lines (Fig. [TO] and ED . SDSS J1250+1021 and SDSS J2045+1508 also show broad or shallow 
Ha absorption features with weak Mg I b lines. They could be relatively cool white dwarfs, though 
further confirmation is required. 

SDSS J0607+2406 is a bright object, but exhibits an emission feature of Ha, and is clearly not 
a normal metal-poor star. This object is close to the cluster NGC 2168, and identification with 
objects reported by previous studies is not straightforward. 

SDSS J0446+1137 is likely a metal-poor star, though the S/N ratio of the current spectrum is 
not sufficient for abundance analyses. 
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Fig. 1. — Upper panel: Comparison of [Fe/H], based on the snapshot Subaru high-resolution spectra, 
with those estimated from medium-resolution SDSS spectra, based on the version of the SSPP in use 
prior to 2008. Lower panel: Same as the upper panel, but using estimates from the latest version of 
the SSPP. Large open circles and squares are over-plotted for giants and cool main-sequence stars, 
respectively. The level of improvement in the SSPP is clear. 
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Fig. 2. — Comparison of heliocentric radial velocities measured from the Subaru spectra with those 
from SDSS spectra. The open circles are over-plotted for the three double-lined spectroscopic 
binaries. Except for these three stars, the two measurements exhibit excellent agreement. 
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Fig. 3. — Comparison of T e g estimated by the (recent) SSPP and that from (V — K)q (top panel) 
and from (g — r)o (middle panel). The bottom panel shows the comparison of T e g- between the two 
color indices. The open circles indicate objects with large errors in their if-band photometry. 
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Fig. 4. — Comparison of T e g- , estimated by the (recent) SSPP, and those from (V — K)q. The 
sample is separated into three metallicity ranges ([Fe/H] < —3.3: filled circles, —3.3 < [Fe/H] 
< —3.0: open circles, and —3.0 < [Fe/H]: crosses). 
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Fig. 5. — The difference of [Fe/H] derived from Fe I and Fe II for main-sequence turn-off stars (filled 
squares). The average and standard deviation for each 0.2 dex bin of [Fe/H] are represented by 
open circles and bars, respectively. The standard deviations are about 0.20 dex, which is as small 
as the random errors in the abundance measurements. The lowest metallicity range likely suffers 
from a bias, in that no Fe II line is detected for a larger fraction of stars than the less metal-poor 
stars. (See text for details.) 
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Fig. 6. — Spectra of the CH G-band/4323 A band and the C2 Swan band at 5165 A, for the stars 
labeled in each panel (filled circles). The three synthetic spectra are calculated by changing [C/Fe] 
by 0.3 dex (dashed and dotted lines) around the adopted values (solid line). 
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Fig. 7. — Spectra around the Mg b lines of double-lined and triple-lined spectroscopic bina- 
ries: SDSS J1410+5350 (the top panel), SDSS J0817+2641 (second and third panels), and SDSS 
J1108+1747 (the lower two panels). The filled triangles indicate the primary Mg I b lines for each 
star, while the open triangles show the secondary ones. 
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Fig. 8. — Abundance ratios of [Mg/Fe] (top panel), [Ca/Fe] (middle panel), and [Mg/Ca] (bottom 
panel), with respect to [Fe/H]. The filled and open circles indicate main-sequence turn-off and 
giant stars, respectively. CEMP stars ([C/Fe] > +0.7) are shown by over-plotting open squares. 
Large open circles and bars, connected by a solid line (red), represent the average and standard 
deviation of the abundance ratios, respectively, for each metallicity bin of width 0.2 dex for our 
SDSS sample. The standard deviations are 0.20-0.25 dex, which are as small as the random errors 
in the abundance measurements. Crosses and bars, connected by a dashed line, indicate those for 
the SAGA sample (see text). 



[Fe/H] 




I I I I I I I I I I I I I I I I I I I L 

-4 -3.5 -3 -2.5 
[Fe/H] 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 




I I I I I I I I I I I I I I I I I I I I I 

— 4 -3.5 -3 -2.5 -2 

[Fe/H] 

Fig. 9. — Abundance ratios of neutron-capture elements ([Sr/Fe], [Ba/Fe], and [Sr/Ba]) as a func- 
tion of [Fe/H]. The filled squares and circles (red) indicate main-sequence turn-off and giant stars, 
respectively. CEMP stars ([C/Fe] > +0.7) are over-plotted by large open circles (blue). Small 
open circles and asterisks indicate the abundance ratios of carbon-normal and carbon-rich stars, 
respectively, measured by previous studies, which are taken from the SAGA database. 
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Fig. 10. — Spectra of objects not analyzed in the present work, in the region of the Mg I b lines. 
The line positions of the triplet are shown by vertical dotted lines. 
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Fig. 11. — The same as Fig. \10\ but for the Ha region. The line position is shown by a vertical 
dotted line. Sky emission features are not fully removed in this region. 
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.87+292851. 


.8 


ZoUo- 


-04oOO-4oy 


Ik) 


1 QQ 

.loo 





.304 


"1 -1 

14 


.yoo 





.051 


13 


.683 


002 


once 


Tnnns n^oo 
JUuUo — UDZy 


SDSS 


J000812 


,54-052926. 


,5 


9ft9/1 
Z0Z4- 


c/iQQn nfti 

-D4ooU-U01 


ID 


.oD4 





.737 


1 ft 
10 


1/17 
.14 ( 


0. 


033 


13 


.620 


003 




Toms nct^Q 
j uuio — uyoy 


SDSS 


J001820 


.51-093939. 


.2 


1 Q1 9 


-oozyo-ooz 


1 (\ 
IO 


1 AC\ 





.789 


10 


.oyo 


0. 


045 


13. 


278 


004 




Tnnon nn/in 

JUUZU — UU4U 


SDSS 


J002015 


.45-004058 


1 


1191 


-DZo / o-loO 


ID 


ftl O 

Diy 





.221 


"1 ft 
ID 


A Ol 

,4y 1 


0. 


028 


15. 


069 


005 


enqq 


Tnn.91 nn^n 


SDSS 


J002113 


.78-005005. 


.2 


uoyu- 


OlolD- lo ( 


IO 


^71 

.0/1 





.262 


"1 ft 
IO 


A9n 


0. 


028 


15. 


.403 


006 


qnqq 


J UUZo — UUUo 


SDSS 


J002356 


.26-000311 


.9 


nft&s 

UOoo- 


-ozzuo- IOZ 


IO 


A^A 





.405 


1 ft 
ID 


99^ 
.zzo 


0. 


028 


14. 


505 


007 


qnqq 


Tnn.97_i_i a ri/i 


SDSS 


J002749 


,46+140418 


.1 


U I DO- 


-ozzoo-u 10 


ID 


.000 





.278 


1 ft 
ID 


.0/0 


0. 


102 


15. 


013 


008 


qnqq 


JUUZ ( — lyUy 


SDSS 


J002756 


.76-190929. 


,8 




-0440o-oUU 




.0/4 





.204 


1 c; 

10. 


.400 


0. 


024 


14 


.390 


009 


qnqq 


JUUZo — 1U10 


SDSS 


J002857 


.42-101530. 


.7 


1 Q1 9 

iy iz- 


-Dozyo-uoi 


ID 


VIA 
. I o4 





.281 


1 ft 
ID 


C70 

.0 / z 


0. 


036 


15 


.408 


010 


qnqq 


juuzy — lyiu 


SDSS 


J002910 


.72-191007 


,5 


zo4o- 


f^/1/l^Q 9c;9 
0440O-ZDZ 


1 A 
14. 


97Q 
.Z ( 





.221 


1 A 
14 


1 A 

.140 


0. 


022 


13. 


048 


Oil 


qnqq 


j uuoo — iooy 


SDSS 


J003305 


.15-185906. 


.8 


98A8 
Zo4o- 


■04^00-uoy 


IO 


AAC\ 





.577 


"1 ft 
IO 


119 
. 11Z 


0. 


020 


13 


.841 


012 


qnqq 


JUU41 — uyoo 


SDSS 


J004150 


.22-095327. 


.7 


nft^ft 


■OZ14o-oU I 


"1 ft 
ID 


onn 
yUU 





.320 


"1 ft 
10 


71 ft 
. 1 10 


0. 


033 


15. 


.248 


013 


qnqq 


Tni nnj_nn/i o 
JUiUUH-UU4y 


SDSS 


J010026 


.69+004915 


.8 


lUoo- 


-ozozu-o i y 


10 


.yyo 





.420 


10. 


. ( OO 


0. 


026 


13. 


993 


014 


qnqq 


Tni 1 1 _L1 AA9 
j ui i i~r I4^±z 


SDSS 


J011150 


.32+144207. 


,8 


9snA 

ZOU4- 


04ODO- 1ZD 


10. 


.04D 





.279 


10. 


.OoO 


0. 


046 


14. 


.106 


015 


qnqq 


JUiio-t-zoo i 


SDSS 


J011501 


.57+263708. 


,8 


9n/i n 


■Ov5oo4-4U ( 


10. 


VKA 
. (04 





.427 


10. 


tin 

.OIU 


0. 


059 


13 


.764 


016 


qnqq 


Tni on inm 


SDSS 


J012032 


.63-100106 


.5 


98AQ 

zo4y- 


UylK/l HI 9 

04 i t04-UlZ 


"1 ft 
10 


^Q1 

-oy 1 





.332 


"1 ft 
10 




0. 


037 


14. 


779 


017 


qnqq 


JU1Z0H-U0U i 


SDSS 


J012617 


.95+060724 


.8 


9*51 A 


-00 1 lo-uyu 


10 


.Do4 





.188 


10 


.OZO 


0. 


029 


14. 


468 


018 


qnqq 


Tni qi none 
JUlol — UyUo 


SDSS 


J013152 


.01-090851. 


,8 


1 Q1 A 

iy 14- 


■do ( zy-00 / 


10 


077 
■ Oil 





.564 


10. 


^ £7 
.00 ( 


0. 


027 


13. 


.420 


019 


qnqq 


Tni AfiJ-O'iAA 
J U14U - rZ04 i ± 


SDSS 


J014036 


.22+234458 


1 


90AA 

ZU4'4:- 


OOOZ ( -010 


10. 


^An 

.04U 





.345 


10 


1 A9 

. l^iZ 


0. 


133 


13. 


668 


020 


qnqq 


Tnonoj_oi on 
j uzuy-t-zizu 


SDSS 


J020912 


.03+212028 


1 


9H/I ft 
ZU4D- 


■OOOZ i - 1Z4 


"1 ft 
ID 


.oDO 





.273 


"1 ft 
ID 


7HQ 
. 1 Do 


0. 


120 


15. 


267 


021 


qnqq 




SDSS 


J025453 


.33+332840. 


,9 


ZO I o- 


00 i oy-uoo 


"1 ft 
IO 


SI 7 
.ol ( 





.248 


"1 ft 


ft7A 
.O 1 4 


0. 


101 


15 


.379 


022 


qnqq 


Tn9^Q-unn^7 
j uzoy-ruuo * 


SDSS 


J025956 


.45+005713 


3 


1 ^1 Q 


OO i 41-000 


"1 ft 
IO 


^Q7 

.oy 1 





.758 


10 


Qft£ 

yoo 


0. 


081 


13. 


673 


023 


qnqq 


TnQnfi_i_n^n^ 


SDSS 


J030839 


.27+050534. 


.9 


ZooO- 


cq7qn 01 /I 
DO 1 OU-0I4 


10 


77 A 
. 1 / 4 





.372 


10 


.0D1 


0. 


247 


14 


261 


024 


qnqq 


JUol ( -t-uuzo 


SDSS 


J031745 


.82+002304. 


.2 


n7i i 

IH 11- 


Mono ASQ 

ozzuz-^oy 


"1 ft 
10 


Aft1 





.333 


1 ft 
10 


97n 

.Z 1 u 


0. 


087 


14. 


791 


025 


qnqq 


TflQOn_L/l 1 /I Q. 
JUoZU-|-414o 


SDSS 


J032044 


,05+414345. 


.5 


Zoy r ■ 


■00 1 Do-ODo 


10 


1 on 
.iyu 





.303 


1 c; 

10. 


m ft 

UIO 


0. 


174 


13. 


.710 


026 


qnqq 


TnQ c;i ii noft 
JUoDl + lUZO 


SDSS 


J035111 


.27+102643 


,2 


9ft7Q 

zd i y- 


■04oDo-04o 


"1 ft 
ID 


nfto 

.UDZ 





.340 


10 


fift7 
.00 1 


0. 


234 


14. 


283 


027 


qnqq 


Tn/i 1 /i i n^^o 
JU414-|-UD0Z 


SDSS 


J041438 


.25+055219. 


,8 


9sn^ 


■04ooU-oUl 


10 


07Q 

.y 1 





.203 


10 


q cr r; 
.oOO 


0. 


317 


14. 


.973 


028 


qnqq 


Tn/i 1 ft_i_n.7i q 
JU41D + U i lo 


SDSS 


J041618 


.03+071303. 


.4 


9sn^ 


■o4ooU-oZy 


I ft 
ID 


A Q9 
.4oZ 





.509 


"1 ft 
10 


1/19 
. 14Z 


0. 


398 


14. 


.499 


029 


qnqq 


Tnft9Q_l_fiQnQ 


SDSS 


J062947 


.45+830328. 


.6 


9^/i n 


■D41 1U-UOZ 


1 

10 


.Doo 





.455 


10 


Q7/1 
.0/4 


0. 


069 


13. 


663 


030 


SDSS 


J0630+2552 


SDSS 


J063055 


.58+255243 


,7 


2696- 


■54167-214 


16 


.839 





.274 


16 


.681 


0. 


327 


15. 


968 


031 


SDSS 


J0711+6702 


SDSS 


J071105 


.43+670228. 


,2 


2337- 


■53740-564 


16 


.046 





.494 


15 


.765 


0. 


053 


13. 


.860 


032 


SDSS 


J0723+3637 


SDSS 


J072352 


.21+363757 


,2 


2941- 


■54507-222 


15 


.302 





.540 


14 


.995 


0. 


061 


12. 


903 


033 


SDSS 


J0727+1609 


SDSS 


J072725 


15+160949. 


.4 


2713- 


■54400-390 


15 


.816 





.255 


15 


.669 


0. 


087 


14. 


305 


034 


SDSS 


J0741+6708 


SDSS 


J074104 


.22+670801. 


.8 


2939- 


■54515-414 


15 


.626 





.539 


15 


.320 


0. 


040 


13. 


.313 


035 


SDSS 


J0746+2831 


SDSS 


J074641 


.34+283142 


.7 


1059- 


■52618-429 


15 


.906 





.305 


15 


.731 


0. 


033 


14. 


.442 


036 


SDSS 


J0748+1758 


SDSS 


J074859 


.89+175832 


.8 


1921- 


■53317-334 


15 


.727 





.276 


15 


.568 


0. 


051 


14 


285 


037 


SDSS 


J0749+1801 


SDSS 


J074945 


.24+180103. 


.6 


2054- 


■53431-033 


14 


.603 





.569 


14 


.292 


0. 


054 


12 


.186 


038 


SDSS 


J0804+5153 


SDSS 


J080428 


.21+515303. 


.1 


1870- 


■53383-002 


16 


.267 





.342 


16 


.071 


0. 


055 


14 


.451 


039 


SDSS 


J0809+0907 


SDSS 


J080917 


.06+090748 


.5 


2419- 


■54139-037 


16 


.068 





.268 


15 


.914 


0. 


021 


14. 


607 


040 


SDSS 


J0814+3337 


SDSS 


J081458 


.68+333712. 


.9 


0825- 


■52289-595 


16 


.208 





.216 


16 


.083 


0. 


050 


14. 


.928 


041 


SDSS 


J0817+2641 


SDSS 


J081754 


.93+264103. 


,8 


1266- 


-52709-432 


16 


.179 





.290 


16 


.012 


0. 


037 


14. 


.707 


042 


SDSS 


J0819+3119 


SDSS 


J081923 


.99+311919 


,4 


0931- 


■52619-469 


16 


.085 





.233 


15 


.950 


0. 


038 


14. 


730 


043 


SDSS 


J0821+1819 


SDSS 


J082118 


.18+181931 


,8 


2271- 


■53726-365 


16 


.602 





.262 


16 


.451 


0. 


037 


15. 


.101 


044 


SDSS 


J0825+0403 


SDSS 


J082521 


.29+040334. 


.4 


1185- 


■52642-519 


16 


.965 





.221 


16 


.837 


0. 


027 


15. 


.182 


045 


SDSS 


J0827+1052 


SDSS 


J082736 


.27+105200 


.8 


2423- 


■54149-031 


16 


.519 





.237 


16 


.382 


0. 


045 


15. 


057 


046 


SDSS 


J0840+5405 


SDSS 


J084016 


.16+540526 


,5 


0446- 


■51899-239 


16 


.265 





.253 


16 


.119 


0. 


026 


14. 


533 
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Table 1 — Continued 



ID 


Object 




Object 


name 




Object ID 


9o 




- t\c\ 
1 /u 


Vq a 


E(B 


- V) b 


K 


c 


047 


oncq 


TnsA7-L.ni 91 

J Uo4: I -t-uizi 


SDSS 


J084700 


.50+012113 


.7 


0467-51901-484 


ID. 


oyo 


0. 


.226 


ID 


AftA 





.044 


14 


.123 


048 


enco 


los^i -ui ni s 


SDSS 


J085136 


.68+101803. 


.2 


2667-54142-094 


id. 


vjyy 





.254 


14 


.yoo 





.054 


13 


.731 


049 




lOS^S-L^AI 
J Uo Do -ho 04:1 


SDSS 


J085833 


.35+354127. 


.3 


2380-53759-094 




OUl 





.583 


1 A 

14: 


Q70 

.y < u 





.031 


12 


.933 


050 


encq 


ios^Q-i-0409 
j uooy-t-u4:uz 


SDSS 


J085934 


.48+040232 


.4 


2888-54529-615 


ID. 


QQA 

yy^i 


0. 


.498 


ID 


71 1 
./ll 





.046 


13 


.766 


051 


encq 


10Q07-1-09AR 


SDSS 


J090733 


.28+024608 


.1 


0566-52238-100 


"1 ft 
ID. 


zoo 





.299 


"1 ft 
ID 


nszL 





.029 


14 


.784 


052 


ence 


10Q1 9-1-091 R 

juy iz-t-uzio 


SDSS 


J091243 


.72+021623. 


.7 


0471-51924-613 


ID. 


OOU 





.324 


ID 


^74 
■ O t 4: 





.028 


14 


.065 


053 


OT-.CC 


100.^94- 0941 


SDSS 


J093247 


.29+024123. 


.8 


0475-51965-602 


"1 ft 
ID. 


37S 
O i o 


0. 


.229 


1 fi 
ID 


246 





.049 


14 


.752 


054 


qnoc 


T1 004 J- ^449 
J lUU4:-f-D4:4:Z 


SDSS 


J100427 


.70+344245 


.7 


2387-53770-316 


1 A 
11. 


7Q^ 

. / yo 


0. 


.297 


"1 A 
11 


R94 





.010 


13 


.185 


055 




J lUOOT'iUUl 


SDSS 


J103301 


.41+400103. 


.6 


1430-53002-498 


1 R 
1U. 


1 1 S 
. 1 io 





.217 


ID 


QQ9 
.yyz 





.014 


14 


.701 


056 


ence 


T1 O^fiJ-1 91 9 


SDSS 


J103649 


.93+121219. 


.8 


1600-53090-378 


ID. 


^sn 

DoU 





.332 


ID 


^QO 





.027 


13 


.817 


057 


encq 


tii or-lo^a^ 
J 1 lUD-ruo^to 


SDSS 


J110610 


.48+034321. 


.9 


0581-52356-245 


"1 ft 

ID. 


Aftl 
.4:00 





.274 


"1 ft 
ID 


'iO^ 

.ouo 





.058 


15 


.324 


058 


ouoo 


11 1 0S-U1 7A7 


SDSS 


J110821 


.68+174746. 


.6 


2491-53855-389 


ll). 


709 
. / uz 





.308 


ID 


^9^ 
.DZD 





.022 


14 


.177 


059 


enqq 


T1 1 On 1 QHQ7 

J HzU-roUz ; 


SDSS 


J112051 


.74+302724. 


.4 


1979-53431-181 


1D. 


m i 





.391 


1 ^ 
ID 


7CQ 
. / OO 





.015 


14 


.224 


060 


qncq 


T1 1 9S_I_' : ISA1 
j iiZo-t-Do4:i 


SDSS 


J112813 


.57+384148. 


.9 


2036-53446-324 


ID. 


^9^ 

ozo 


0. 


.197 


ID 


40S 





.022 


14 


.256 


061 


cr)CG 


11 i >L7-i_1 ^1 n 


SDSS 


J114723 


.53+151044. 


.7 


1761-53376-551 


"1 fi 
ID. 


1 1 S 

l lo 





.218 


ID 


QQ9 

.yyz 





.049 


14 


.956 


062 


ence 


T1 1 ^0.-1-^49^ 

j iioy-r04:ZD 


SDSS 


J115906 


.18+542512 


.6 


1018-52672-268 


"1 R 
ID. 


1 4^ 





.383 


1 ^ 
ID 


.yzo 





.012 


14 


.405 


063 


ouoo 


11 91 3-UAA^O 

J 1Z1D^4:4:0U 


SDSS 


J121307 


.22+445040 


.9 


1370-53090-458 


"1 fi 
ID. 


1 7fi 
I/O 





167 


ID 


07S 





.013 


14 


.741 


064 


encq 

O-L/OO 


J IZOUtUUUO 


SDSS 


J123055 


.25+000546 


.9 


2895-54565-360 


"1 A 
11. 


701 
. ( Ul 


0, 


.256 


"1 A 
11 


-ODO 





.027 


13 


.182 


065 


qnqq 




SDSS 


J123300 


.08+340758. 


.1 


2020-53431-313 


"1 ft 
ID. 


734 
■ i 04: 





.285 


"1 ft 
ID 


^70 





.018 


15 


.206 


066 


qnqq 


11941 0S*37 
J 1Z4:1 — UOO ( 


SDSS 


J124123 


.92-083725. 


.5 


2689-54149-292 


1 ft 
ID. 


30Q 


0. 


603 


1 ^ 
ID 


Qft7 

.yo / 





.028 


13 


.788 


067 


qncq 

Oi/OO 


11949 O^R 


SDSS 


J124204 


.42-033618. 


.1 


2897-54585-210 


1 A 
I'l. 


ftftl 
OOl 





550 


1 A 

14: 


^AS 





.024 


12 


.217 


068 


qnqq 


1194^ 073S 
J 1Z4:D — U f DO 


SDSS 


J124502 


.68-073847. 


.1 


2689-54149-491 


1 fi 
11). 


930 
ZDU 


0. 


283 


"1 ft 

H) 


0fi7 





.029 


14. 


815 


069 


qnqq 




SDSS 


J130017 


.20+263238. 


.6 


2240-53823-008 


"1 ft 
11). 


1 SO 
lOU 


0. 


233 


"1 ft 
1U 


04^ 





.008 


14 


839 


070 


qnqq 


11 Qn^4-9 r i1 ^ 


SDSS 


J130339 


.62+251550. 


3 


2662-54505-455 


ID. 


7A1 

■ I 4:1 


0. 


282 


ID 


^7Q 

.o i y 





.011 


14 


.287 


071 


qncq 


11 ^nA4-^9^Q 


SDSS 


J130402 


.25+323909 


.1 


2029-53819-374 


"1 ft 
11). 


522 


0. 


244 


1 ft 
H) 


^S1 





.009 


15. 


.186 


072 


qnqq 


11^1 9_i_9/i f;n 


SDSS 


J131201 


.48+245007 





2663-54234-467 


ID. 


730 





271 


ID 


^74 

. O I 4: 





.015 


14. 


155 


073 


qnqq 


11 31 R_l_1 7A7 


SDSS 


J131640 


.80+174734. 


.2 


2476-53826-575 


ID. 


^S7 
Do I 


0. 


743 


1 ^ 
ID 


1 ftft 

■ 1DO 





.000 


12. 


.688 


074 




n ^^A-unn99 

O 1oO'±tUUZZ 


SDSS 


J133453 


.44+002238. 


.6 


0298-51955-485 


ID. 


949 


0. 


403 


"I ^ 
IO 


71 Q 
. / iy 





.026 


14. 


025 


075 


qnqq 


11 R3S-J-1 904 


SDSS 


J133841 


16+120415. 


.2 


1700-53502-483 


ID. 


fii 3 

Dlo 


0. 


267 


"I ^ 
1-9 


4^Q 

4:0y 





.026 


14. 


230 


076 


SDSS 


J1349-0229 


SDSS 


J134913 


.54-022942. 


.8 


0913-52433-073 


16. 


462 


0. 


296 


16 


.292 





.045 


14 


.688 


077 


SDSS 


J1400+0753 


SDSS 


J 140035 


.31+075317 


,7 


1807-54175-089 


16. 


735 


0. 


255 


16 


.588 





.026 


15. 


070 


078 


SDSS 


J1408+6239 


SDSS 


J140813 


.88+623942 


,1 


0605-52353-567 


16. 


624 


0. 


242 


16 


.484 





.022 


15. 


242 


079 


SDSS 


J1410+5350 


SDSS 


J141001 


.77+535018. 


.2 


1325-52762-194 


16. 


171 


0. 


271 


16 


.015 





.012 


14. 


.761 


080 


SDSS 


J1412+5609 


SDSS 


J141207 


.32+560931. 


.9 


2447-54498-274 


15. 


949 


0. 


139 


15 


.867 





.014 


14. 


.622 


081 


SDSS 


J1422+0031 


SDSS 


J142237 


.43+003105. 


.2 


0304-51609-528 


16. 


505 


0. 


304 


16 


.330 





.030 


14. 


120 


082 


SDSS 


J1424+5615 


SDSS 


J142441 


.88+561535. 


.0 


2447-54498-073 


15. 


.788 


0. 


257 


15 


.640 





.015 


14 


.168 


083 


SDSS 


J1425+1137 


SDSS 


J142518 


.09+113713. 


.9 


1708-53503-250 


15. 


628 


0. 


236 


15 


.492 





.027 


14 


.191 


084 


SDSS 


J1425+5742 


SDSS 


J142541 


.33+574207 


,5 


2539-53918-264 


16. 


231 


0. 


194 


16 


.118 





.009 


14. 


836 


085 


SDSS 


J1434+1036 


SDSS 


J143451 


.02+103626 


4 


1709-53533-595 


16. 


926 


0. 


245 


16 


.785 





.025 


14. 


959 


086 


SDSS 


J1436+0918 


SDSS 


J143632 


.27+091831. 


.5 


1711-53535-285 


15. 


958 


0. 


233 


15 


.823 





.030 


14. 


.784 


087 


SDSS 


J1436+0301 


SDSS 


J 143654 


.45+030143. 


.2 


0536-52024-405 


16. 


982 


0. 


276 


16 


.823 





.034 


15. 


.399 


088 


SDSS 


J1437+5231 


SDSS 


J143708 


.92+523146. 


.6 


1327-52781-480 


16. 


265 


0. 


243 


16 


.125 





.010 


14. 


906 


089 


SDSS 


J1437+5837 


SDSS 


J 143759 


.06+583723. 


,5 


0790-52433-535 


15. 


809 


0. 


243 


15 


.669 





.008 


14 


.442 


090 


SDSS 


J1446+1249 


SDSS 


J144640 


.63+124917 


,5 


1712-53531-636 


16. 


084 


0. 


239 


15 


.946 





.021 


14. 


505 


091 


SDSS 


J1502+3113 


SDSS 


J150217 


.16+311316 


,5 


2910-54630-287 


15. 


662 


0. 


222 


15 


.533 





.018 


14. 


282 


092 


SDSS 


J1504+4623 


SDSS 


J150425 


.13+462320. 


9 


1049-52751-126 


16. 


.526 


0. 


267 


16 


.372 





.018 


15 


.025 
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Table 1 — Continued 



ID Object Object name Object ID go (g - r)o Vo a E(B - V) b K 



093 


SDSS 


J1515+4503 


SDSS 


J151534. 


.44+450317 


.7 


1050- 


-52721-132 


16 


.491 


0. 


.286 


16 


.327 


0. 


.032 


15 


.129 


094 


SDSS 


J1516+4333 


SDSS 


J151646. 


.69+433331 


.6 


1677- 


-53148-588 


16 


.613 


0. 


.191 


16 


.502 


0. 


.022 


15 


.328 


095 


SDSS 


J1521+3437 


SDSS 


J152158. 


.62+343729 


. 1 


1354- 


-52814-191 


16 


.828 


0. 


.290 


16 


.661 


0. 


.020 


15 


.458 


096 


SDSS 


J1522+3055 


SDSS 


J152202. 


.09+305526 


.3 


1650- 


-53174-492 


16 


.518 


0. 


.334 


16 


.327 


0. 


.022 


14 


.802 


097 


SDSS 


J1523+4942 


SDSS 


J152301. 


.86+494210 


.7 


2449- 


-54271-200 


15 


.828 


0. 


361 


15 


.621 


0. 


.022 


14 


.041 


098 


SDSS 


J1528+4915 


SDSS 


J152810. 


.51+491526 


.8 


2449- 


-54271-142 


15 


.492 


0. 


.199 


15 


.376 


0. 


.017 


14 


.161 


099 


SDSS 


J1551+2521 


SDSS 


J155117. 


.36+252135 


.5 


1850- 


-53786-467 


16 


.129 





.322 


15 


.944 


0. 


.060 


14 


.448 


100 


SDSS 


J1553+2511 


SDSS 


J155310. 


.83+251140. 


.2 


2459- 


-54339-140 


16 


.387 


0. 


.389 


16 


.165 


0. 


.062 


14 


.544 


101 


SDSS 


J1603+2917 


SDSS 


J160303. 


.74+291709 


.5 


1578- 


-53496-471 


16 


.519 





.291 


16 


.352 


0. 


.040 


15 


.122 


102 


SDSS 


J1612+0421 


SDSS 


J161226. 


.18+042146 


.6 


2178- 


-54629-546 


16 


.082 





.449 


15 


.826 


0. 


.069 


14 


.053 


103 


SDSS 


J1613+5309 


SDSS 


J161313. 


.53+530909 


.7 


2176- 


-54243-614 


16 


.658 


0. 


.470 


16 


.390 


0. 


013 


14 


.402 


104 


SDSS 


J1623+3913 


SDSS 


J162311. 


.84+391319 


.6 


1172- 


-52759-319 


16 


.448 





.268 


16 


.294 


0. 


.010 


15 


.120 


105 


SDSS 


J1626+1458 


SDSS 


J162603. 


.61+145844 


.3 


2202- 


-53566-537 


16 


.998 


0. 


.232 


16 


.864 


0. 


.056 


15 


.371 


106 


SDSS 


J1633+3907 


SDSS 


J163331. 


.44+390742 


.7 


1173- 


-52790-561 


16 


.743 


0. 


.277 


16 


.584 


0. 


.009 


14 


.951 


107 


SDSS 


J1640+3709 


SDSS 


J164005. 


.30+370907 


.8 


2174- 


-53521-423 


15 


.622 


0. 


.240 


15 


.483 


0. 


.016 


14 


.191 


108 


SDSS 


J1646+2824 


SDSS 


J164610. 


.19+282422 


.2 


1690- 


-53475-323 


15 


.806 





.314 


15 


.626 


0. 


.065 


14 


.451 


109 


SDSS 


J1650+2242 


SDSS 


J165016. 


.66+224213 


.9 


2180- 


-54613-258 


16 


.145 


0. 


.242 


16 


.005 


0. 


.063 


14 


.898 


110 


SDSS 


J1659+3515 


SDSS 


J165934. 


.74+351554. 


.3 


0974- 


-52427-332 


16 


.586 


0. 


.266 


16 


.433 


0. 


019 


14 


.974 


111 


SDSS 


J1703+2836 


SDSS 


J170339. 


.60+283649 


.9 


2808- 


-54524-510 


15 


.679 


0. 


.593 


15 


.342 


0. 


.065 


13 


.271 


112 


SDSS 


J1728+0657 


SDSS 


J172846. 


.88+065701 


.9 


2797- 


-54616-258 


16 


.260 


0. 


.247 


16 


.117 


0. 


.116 


15 


.088 


113 


SDSS 


J1734+4316 


SDSS 


J173417. 


.89+431606 


.5 


2799- 


-54368-138 


16 


.499 


0. 


.547 


16 


.188 


0. 


.026 


14 


.273 


114 


SDSS 


J1735+4446 


SDSS 


J173532. 


.16+444635 


.9 


2799- 


-54368-502 


15 


.910 


0. 


.545 


15 


.600 


0. 


.021 


13 


.391 


115 


SDSS 


J1736+4420 


SDSS 


J173628. 


.07+442036 


.2 


2799- 


-54368-560 


16 


.141 





.497 


15 


.858 


0. 


.022 


13 


.894 


116 


SDSS 


J1746+2455 


SDSS 


J174624. 


.13+245548 


.8 


2183- 


-53536-175 


16 


.022 


0. 


.521 


15 


.726 


0. 


.064 


13 


.665 


117 


SDSS 


J1830+4141 


SDSS 


J183045. 


.75+414126 


.8 


2798- 


-54397-354 


15 


.939 





.183 


15 


.832 


0. 


.057 


14 


.670 


118 


SDSS 


J1834+2023 


SDSS 


J183414. 


.28+202335 


.5 


2534- 


-53917-002 


16 


.277 





.184 


16 


.170 


0. 


.204 


14 


.984 


119 


SDSS 


J1836+6317 


SDSS 


J183601. 


.71+631727 


A 


2552- 


-54632-090 


16 


.345 


0. 


.569 


16 


.022 


0. 


.052 


14 


.326 


120 


SDSS 


J2005-1045 


SDSS 


J200513. 


48-104503. 


.2 


2303- 


-54629-377 


16 


.477 


0. 


234 


16 


.342 


0. 


.138 


15 


.101 


121 


SDSS 


J2052+0109 


SDSS 


J205252. 


.68+010939. 


.3 


2815- 


-54414-098 


16 


.890 


0. 


311 


16 


.712 


0. 


096 


15 


.380 


122 


SDSS 


J2104-0104 


SDSS 


J210454. 


.84-010440. 


.8 


1918- 


-53240-306 


16 


.579 


0. 


479 


16 


.306 


0. 


066 


1 1 


.482 


123 


SDSS 


J2111+0109 


SDSS 


J211125. 


40+010920. 


.1 


1112- 


-53180-325 


16 


.461 


0. 


.256 


16 


.313 


0. 


102 


15. 


.008 


124 


SDSS 


.12118-0640 


SDSS 


J211850. 


12-064055. 


.8 


2305- 


-54414-429 


16 


.364 


0. 


235 


16 


.228 


0. 


154 


15. 


.117 


125 


SDSS 


J2123-0820 


SDSS 


J212310. 


83-082039. 


.1 


2305- 


-54414-081 


16 


.716 


0. 


319 


16 


.533 


0. 


.074 


15. 


.152 


126 


SDSS 


J2128-0756 


SDSS 


J212841. 


25-075629. 


3 


0641- 


-52199-315 


16 


.479 


0. 


.268 


16 


.325 


0. 


062 


14. 


.832 


127 


SDSS 


J2206-0925 


SDSS 


J220646. 


20-092545. 


.7 


2309- 


-54441-290 


15 


.227 


0. 


571 


14 


.903 


0. 


.034 


12 


.735 


128 


SDSS 


J2207+2017 


SDSS 


J220743. 


35+201752. 


,3 


2251- 


-53557-279 


16 


.782 


0. 


212 


16 


.659 


0. 


070 


15. 


.468 


129 


SDSS 


J2208+0613 


SDSS 


J220845. 


57+061341. 


3 


2308- 


-54379-227 


15 


.549 


0. 


.251 


15 


.404 


0. 


119 


11 


.192 


130 


SDSS 


.12213-0726 


SDSS 


J221334. 


14-072604. 


.1 


2309- 


-54441-564 


15 


.326 


0. 


643 


14 


.961 


0. 


051 


12 


.636 


131 


SDSS 


J2300+0559 


SDSS 


J230026. 


35+055956. 


.2 


2310- 


-53710-131 


16 


.341 


0. 


.245 


16 


.200 


0. 


073 


14. 


.914 


132 


SDSS 


J2308-0855 


SDSS 


J230814. 


85-085526. 


.4 


0726- 


-52226-335 


16 


.347 


0. 


313 


16 


.167 


0. 


041 


15. 


.137 


133 


SDSS 


J2309+2308 


SDSS 


J230959. 


55+230803. 


.0 


2623- 


-54096-458 


16 


.446 


0. 


335 


16 


.254 


0. 


.230 


14. 


.884 


134 


SDSS 


J2334+1538 


SDSS 


J233403. 


22+153829. 


,3 


0747- 


-52234-337 


16 


Oil 


0. 


229 


15 


.879 


0. 


076 


14. 


.698 


135 


SDSS 


J2338+0902 


SDSS 


J233817. 


55+090207. 


.5 


2622- 


-54095-483 


15 


.099 


0. 


774 


11 


.661 


0. 


.128 


12 


.192 


136 


SDSS 


J2349+3832 


SDSS 


J234939. 


71+383217. 


.8 


1882- 


-53262-132 


16 


.312 


0. 


.200 


16 


.196 


0. 


.189 


14. 


.802 


137 


SDSS 


J2357-0052 


SDSS 


J235718. 


91-005247. 


.8 


1489- 


-52991-251 


15 


.959 


0. 


612 


15 


.612 


0. 


030 


13. 


.567 



a Vb is derived by the transform of lZhao fe Newberd i2006l V 
h E(B — V) is estimated from lSchlegel et al. I GUI). 
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C K is taken from 2MASS l lSkrutskie et alj|2006h . 
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Table 2. OBSERVING LOG 



ID 


Object 


Obs.datc(l) 


Obs.date(2) 


exp.time 
(minute) 


S/N 
4300A 


S/N 
5180A 


V H 

( km s- 1 ) 


<t(Vh) 
( km s- 1 ) 


j/SDSS 
( km s- 1 ) 


001 


qticq Tnnno i onoo 
oDoo JU0U2+2928 


t,,i,, r? onno 
July o, zUUo 




20 


-1 n 
40 


65 


ono oo 
— 30O.22 


0.18 


—297.2 


002 


nrinn Tnnno neon 
bDbb J0008— 0529 


October 4, zUUo 




25 


24 


a a 
4b 


117.18 


n n*7 
0.0 I 


117.5 


003 


cnoc Tnm o noon 

bJJbb JUUlo— U9o9 


July 5, zUUo 




20 


26 


51 


— 122.89 


0.07 


— 119.9 


004 


ence Tnnon nn/in 
bJJbb JUUzU— UU4U 


r\ „ j _ i_ „ „ c onno 
October o, zUUo 




A n 
40 


35 


X A 


3.29 


0.13 


11.2 


005 


nrvcc innoi nnc;n 
bJJbb JUUzl — UUoU 


July o, zUUo 




30 


32 


1 n 
49 


C\A C7 

— 94.0 / 


0.19 


nn 
— 90.2 


006 


cnoc inno o nnno 

bDbb J0023— 0003 


/— \ i l /] onri o 

October 4, 2008 




25 


28 


46 


89.84 


0.10 


88.0 


007 


CHCC T/11117 I 1 AC\A 

bDbb J0027+1404 


October 5, 2008 




40 


31 


51 


27.74 


0.24 


35.9 


008 


bJJbb JUUz/ — 19U9 


July 5, 2008 


T..1.. r- onno 

July D, 2008 


40 


54 


83 


14.97 


0.10 


15.0 


009 


bDbb JUUzo— lUlD 


October b, zUUo 




a n 
40 


33 


52 


—25.29 


0.13 


— 19.4 


010 


crvQc Tnnon i m n 

bJJbb juuzy— i9iu 


July o, zUUo 




5 


38 


58 


48.00 


0.08 


52.5 


Oil 


ofaoc 1 innoo 1 otrn 

bJJbb JUUoo— 1859 


October 4, ZUUo 




25 


26 


47 


262.89 


0.08 


268.6 


m o 
012 


nrvcc ^r\^\A^ nnc; 1 ? 
bDbb JUU41— U95o 


October b, zUUo 




a n 
40 


29 


a a 
4b 


98.22 


0.13 


101.2 


013 


ence Tmnn i n/i/io 
bJJbb JU1UU+UU49 


t„i„ a onno 
July o, zUUo 




30 


38 


62 


48.19 


0.07 


51.2 


014 


nrinn TA111 I 1/1/10 

bJJbb JUlll-f 144Z 


July o, zUUo 




25 


38 


61 


— 130.55 


0.14 


— 121.2 


015 


bDbb JUllO + zbo/ 


t„i,, a onno 
July 4, zUUo 




10 


25 


39 


— 113.11 


0.19 


— 114.8 


016 


c noc in 1 on -i nm a 

bJJbb JUlzU— 1UU1 


a , , , ..4 oo onno 

August 22, zUUo 




30 


28 


45 


—59.23 


0.15 


—58.7 


017 


bJJbb JUlzo+UbU/ 


t,,i,, £> onno 
July o, zUUo 




25 


A 1 

41 


a A 
ol 


—274.31 


0.16 


—260.6 


018 


bDbb JUlol— U9Uo 


A oo onno 

August zz, ZUUo 




25 


Q A 
34 


61 


124.57 


0.08 


125.8 


019 


bDbb JU14U+zo44 


T-.i tr onno 

July 5, zUUo 




10 


28 


46 


—200.17 


0.17 


— 191.0 


020 


bJJbb JUzUy+zlzU 


October b, zUUo 




a n 
40 


26 


A O 

42 


—3.12 


0.42 


— 13.8 


noi 
021 


bJJbb JUz54+oozo 


October b, zUUo 




a n 
40 


29 


A R 

4b 


oi nn 
— 218.09 


0.12 


—216.7 


022 


bJJbb JUzoy+uuo/ 


z~\ _ j , „ „ a onno 

October b, zUUo 




25 


24 


A Q 

43 


35.71 


0.53 


37.9 


023 


bJJbb JUoUo+UoUo 


A -. h h oo onno 

August zz, zUUo 




15 


i n 
19 


35 


316.08 


0.25 


306.7 


024 


bDbb JUolY+UUzo 


\ . , . j oo onno 

August 22, ZUUo 




30 


28 


47 


113.87 


0.25 


115.0 


025 


bDbb JUozU-(-4i4o 


A , , , , .-,-4- oo onno 

August 22, ZUUo 




18 


30 


52 


— 115.91 


0.21 


—92.8 


026 


bJJbb JUool + lUzb 


A , , , , .-,-4- oo onno 

August zz, ZUUo 




16 


i v 


31 


98.68 


0.33 


104.9 


027 


bDbb J0414+0552 


A , , , , . . j oo onno 

August 22, ZUUo 




25 


19 


32 


97.79 


0.40 


102.2 


028 


bDbb J0416+0713 


/~\ „j i er onno 

October 5, zUUo 




25 


15 


28 


232.15 


0.36 


259.0 


029 


once 1 Tn/^on i oono 

bDbb J0629+8303 


/~\ „j i tr onno 

October 5, zUUo 




15 


28 


50 


— 122.08 


0.17 


— 101.3 


030 


bDbb J0630+2552 


/~\ „j i onno 

October 6, 2008 




40 


17 


30 


45.55 


0.66 


49.3 


031 


SDSS J0711+6702 


October 5, 2008 




20 


30 


53 


111.79 


0.08 


111.8 


032 


SDSS J0723+3637 


October 6, 2008 




15 


32 


58 


-51.69 


0.12 


-51.7 


033 


SDSS J0727+1609 


October 5, 2008 




20 


31 


51 


-113.25 


0.23 


-105.3 


034 


SDSS J0741+6708 


October 6, 2008 




15 


28 


48 


-167.12 


0.08 


-159.6 


035 


SDSS J0746+2831 


October 5, 2008 




20 


34 


55 


-32.32 


0.08 


-43.4 


036 


SDSS J0748+1758 


October 5, 2008 




15 


31 


49 


-120.97 


0.10 


-121.3 


037 


SDSS J0749+1801 


October 6, 2008 




10 


39 


72 


54.57 


0.05 


60.9 


038 


SDSS J0804+5153 


March 10, 2008 




25 


30 


48 


-260.21 


0.10 


-256.1 


039 


SDSS J0809+0907 


March 8, 2008 




25 


35 


54 


164.78 


0.26 


166.4 


040 


SDSS J0814+3337 


March 10, 2008 




25 


34 


52 


148.19 


0.20 


146.9 


041 


SDSS J0817+2641 


March 10, 2008 




20 


32 


49 


-1.82 


0.53 


67.1 


042 


SDSS J0819+3119 


October 5, 2008 




20 


31 


49 


369.05 


0.13 


370.1 


043 


SDSS J0821+1819 


March 8, 2008 




35 


28 


44 


164.40 


2.12 


169.4 


044 


SDSS J0825+0403 


March 8, 2008 




40 


29 


45 


10.90 


0.73 


15.1 


045 


SDSS J0827+1052 


March 8, 2008 




35 


35 


52 


158.97 


0.28 


169.1 
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Table 2 — Continued 



ID 


Object 


Obs.datc(l) Obs.datc(2) 


exp.time 
(minute) 


S/N 
4300A 


S/N 
5180A 


Vk 
( km s" 1 ) 


<r(V H ) 
( km s" 1 ) 


ySDSS 
( km s" 1 ) 


04o 


bDbb J0840+54U5 


A It _ _ _1_ -iri riAAO 

March 1U, 2UUo 


25 


Q A 

o4 


52 


— 10.85 


0.15 


— 11.0 


047 


bDbb J0847+U121 


n t i„ o nnno 

March 5, 2UUo 


15 


30 


47 


199.27 


0.15 


201.5 


048 


OFvCC TnOCTI I i m o 

bDbb J0851 + 1018 


October o, 2UU8 


15 


39 


62 


45.17 


0.15 


50.0 


049 


bDbb JU85o+o541 


(Jctobcr b, zUUo 


15 


37 


64 


—226.15 


0.04 


—223.0 


050 


nrvoc TAotrn i n /I no 

bDbb JUooy+U4Uz 


October b, zUUo 


20 


28 


A O 

45 


155.50 


0.08 


155.2 


051 


bJJbb juyu;+uz4o 


TV/T^i.^'U o nnno 

JVlaxcn 5, 2UU5 


25 


33 


52 


313.15 


0.15 


321.9 


052 


bJJbb juyii+uzio 


October b, zUUo 


15 


Q A 

o4 


o4 


137.18 


0.13 


131.1 


053 


QTiCQ TnOQQ I HO/11 

bDbb JUyo2+U241 


TV /T^^.^.'U o nnno 

March 5, 2UUo 


30 


33 


51 


noc on 
25b. oU 


0.22 


275.8 


054 


bDbb JlUU4+o442 


T\ t i_ i n nnno 

March 1U, 2UU5 


15 


55 


84 


—57.92 


0.05 


—55.0 


055 


bDbb JlUoo+4UUl 


A T „ „i . in nnno 

March 1U, 2UUo 


20 


Q A 

o4 


51 


— 133.14 


0.18 


— 130.8 


056 


cnoo n not; i 1010a 
bDbb JlUob+1212 


A f „ „i, o nnno 

March o, 2UUo 


15 


35 


55 


—33.54 


0.13 


—36.6 


057 


bDbb JllUb+Uo4o 


A /Tni-ni-, o onno 
March 5, 2UU5 


30 


33 


51 


159.79 


0.13 


165.4 


058 


bDbb JllUo+1/4/ 


March 5, 2UU5 


15 


Q A 

o4 


52 


—27.93 


0.55 


— lb. f 


059 


QT"iQQ T1 1 Of! 1 QH07 

bDbb J112U+oU2f 


a fn.ni. in onno 
March 1U, 2UUo 


15 


30 


A T 

4 I 


AT 

4 (.DO 


0. 12 


50.6 


060 


bDbb J112o+o541 


T, . i _ _ cr nnno 

July 5, 2008 


15 


38 


58 


— 15.88 


0.39 


— 12.8 


061 


bDbb J1147+1510 


A .<r _ rt nnno 

May 2, 2UU8 


36 


34 


52 


60.81 


0.12 


58.8 


062 


O T\ O O T1 1 CO I ET ,1 O C 

bDbb J115y+5425 


T\ it v. in nnno 

March lu, 2UU5 


20 


32 


51 


175.86 


0.17 


182.9 


063 


bDbb J121o+44oU 


A 1^1.^1-. in onno 
March 1U, 2UUo 


25 


Q7 

Of 


56 


92.36 


0.25 


95.7 


064 


bDbb JlzoU+UUUo 


T,,i Tr r onno 
July 5, 2UUo 


10 


Q7 

Of 


55 


42.61 


0.19 


A O A 

42.4 


065 


nr\cc T1 OQQ I QylA'7 

bDbb J12oo+o4Uf 


T,,i- r a onno 
July 4, 2UUo 


a n 

4U 


35 


55 


—261.31 


0.20 


—256.2 


066 


QTICQ T10/I1 fiOQ7 

bDbb J 1241 — UooY 


t,,i,. c onno 
July b, ZUUo 


20 


28 


A O 

4o 


334.23 


n 1 i 
U.ll 


332.3 


067 


cnoo TiO/io no q^; 
bDbb J 1242 — UooO 


T,,i Tr c onno 
July b, zUUo 


10 


A 1 

41 


7 1 


92. 14 


0.06 


92.0 


068 


bDbb J124o — U7oo 


A T in onno 

March 1U, 2UUo 


20 


O 1 ? 


A O 

42 


76.88 


0.27 


69.9 


069 


QTiCQ T1 onn i ocqo 
bDbb JloUU+2bo2 


Tuiwr k onno 
July 5, ZUUo 


25 


A O 


63 


—76.45 


0.50 


—69.4 


070 


QT"iCQ T1 QriQ I OKI c; 

bDbb JloUo+ZOlo 


t,,i,. c onno 
July b, ZUUo 


20 


39 


61 


44. 13 


0.13 


41.5 


071 


QTiCQ T1 Qf\A I DODO 

bDbb JloU4+o2oy 


T,,i Tr a onno 
July 4, ZUUo 


30 


32 


51 


1.07 


0.11 


A T 

4. 7 


072 


QT"iC Q T1Q10 I O /I Kn 

bDbb Jlol2+24oU 


a /t ^ , , o onno 
May z, 2UUo 


25 


28 


A Q 

4o 


—93.14 


0.20 


—90.9 


073 


O T"\ O O 11 11 r i IT/IT 

bDbb Jlolb+1747 


T, . i _ _ /"> nnno 

July 6, 2U08 


15 


34 


62 


41.14 


0.05 


44.3 


074 


bDbb Jloo4+UU22 


May z, ZU08 


30 


35 


59 


—56.30 


0.10 


—52.6 


075 


O T"\ O O T1 lOO I i on *1 

bDbb J 1338+1204 


May 2, 2U08 


30 


43 


67 


—219.57 


0.11 


—218.6 


076 


SDSS J1349-0229 


July 5, 2008 


25 


28 


44 


120.21 


0.51 


134.7 


077 


SDSS J1400+0753 


July 6, 2008 


35 


29 


45 


202.47 


0.22 


202.9 


078 


SDSS J1408+6239 


July 4, 2008 


30 


32 


48 


46.58 


0.24 


45.7 


079 


SDSS J1410+5350 


March 8, 2008 


25 


37 


56 


-138.23 


0.28 


-155.8 


080 


SDSS J1412+5609 


July 6, 2008 


20 


34 


52 


-53.09 


0.11 


-55.3 


081 


SDSS J1422+0031 


July 5, 2008 


40 


33 


59 


-120.20 


0.11 


-126.4 


082 


SDSS J1424+5615 a 


July 6, 2008 


20 


37 


57 


-0.83 


0.12 


4.5 


083 


SDSS J1425+1137 


March 8, 2008 


15 


35 


54 


-89.63 


0.10 


-84.2 


084 


SDSS J1425+5742 


March 8, 2008 


30 


39 


60 


-0.61 


0.18 


16.6 


085 


SDSS J1434+1036 


July 5, 2008 


40 


30 


46 


66.60 


0.32 


70.9 


086 


SDSS J1436+0918 


March 8, 2008 


20 


36 


54 


-114.55 


0.24 


-111.9 


087 


SDSS J1436+0301 


July 5, 2008 


40 


26 


42 


-152.78 


0.33 


-151.5 


088 


SDSS J1437+5231 


March 10, 2008 


25 


32 


49 


59.50 


0.10 


63.0 


089 


SDSS J1437+5837 


March 8, 2008 


20 


39 


59 


-55.10 


0.19 


-53.5 


090 


SDSS J1446+1249 


March 8, 2008 


25 


38 


59 


-106.31 


0.11 


-113.8 
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Table 2 — Continued 



ID 


Object 


Obs.datc(l) 


Obs.datc(2) 


exp.time 


S/N 


S/N 


V H 


<t(Vh) 


T^SDSS 










(minute) 


4300A 


5180A 


( km s- 1 ) 


( km s- 1 ) 


( km s" 1 ) 


091 


OT\oo T1 erno i 0110 

bDbb J15U2+3113 


July o, 20U8 




20 


39 


61 


070 r\n 

— ZYo.yo 


0.11 


—270.8 


092 


bDbb J15U4+4623 


Ti IT _ . rj OOOO 

May z, ZUUo 




40 


33 


52 


—70.13 


0.28 


—66.9 


093 


onoc 1 ti t:i r i /i trno 

bDbb J 1515+4503 


Tv IT 1 i r\ OOOO 

March 1U, zUUo 




25 


29 


45 


—25.91 


0.30 


—20.1 


094 


bDbb J151o+43o3 


T..1 A OOOO 

July 4, ZUUo 




30 


32 


47 


— 152.69 


0.27 


— 154.8 


095 


nrvoc TI KOI I Q/IQ'7 

bDbb J15zl+o4o/ 


7\ ,T „ , , O 00,00 

May Z, ZUUo 




A 1 

41 


30 


a a 
4b 


—32.23 


0.40 


—23.9 


096 


onoc ti coo 1 oocca 
bJJbb Jlozi+oUoo 


T\ /T „ ™ „"U O OOOO 

March o, JUUo 




30 


34 


f; a 
54 


—354.61 


0.21 


—351.3 


097 


OT\00 T1 COO I A O A O 

bDbb J15zj+494z 


T. . i_ . n oooo 

July o, 2UU8 




20 


31 


50 


— 12.94 


0.20 


— 13.7 


098 


QT"iCQ T1 COO I ACil C 

bDbb J15zo+4yl5 


A T „ „1, O OOOO 

March o, zUUo 




15 


34 


53 


—49.60 


0.10 


—45.3 


099 


orvco ti cci i ocoi 

bDbb J1551+z5zl 


Ti T o OOOO 

May 2, ZUUo 




30 


35 


57 


— 122.44 


0.17 


— 115.4 


100 


QT"iC Q T1CCQ I OKI 1 

bJJbb Jlooo+zoll 


Tnl-.r A onno 

July 4, ZUUo 




25 


30 


A T 7 

47 


— 187.28 


0.25 


— 180.6 


101 


cnoc ti cno i om t 
bDbb JloUo+zyl/ 


T\ T „ O OOOO 

Marcli o, zUUo 




30 


32 


50 


— 103.75 


0.11 


— 108.0 


102 


nnoc T1 C1 O i A/101 

bDbb Jlolz-fU421 


/~\ i 1 c OOOO 

October o, zUUo 




20 


25 


43 


20.40 


0.11 


19.1 


103 


cncc ti r-\ q i conn 
bDbb JlDlo+OoUy 


t„i„ a oono 
July 4, ZUUo 




30 


30 


4y 


—0.01 


0.16 


1.5 


104 


nrvQC T-i ryrtn \ QOI Q 

bDbb Jlozo+oylo 


July 4, ZUUo 




30 


33 


52 


—76.18 


0.32 


C 

— ;o.5 


105 


bDbb Jlozo-t-145o 


T..1-. ET OOOO 

July 5, zUUo 




40 


28 


43 


25.83 


0.56 


20.4 


106 


bJJbb Jlboo+o9U7 


Tnl.r A OOOO 

July 4, ZUUo 




1 n 
4U 


Q A 

34 


52 


— 179.27 


0.13 


— 178.8 


107 


bDbb J1d4U+o7U9 


Tv If "U 10 OOOO 

March 1U, zUUo 




10 


29 


44 


—51.14 


0.25 


—48.6 


108 


bJJbb Jlo4o+zoz4 


T..i, r a oono 
July 4, ZUUo 




15 


29 


A P. 

4o 


— 18.72 


0.16 


—21.4 


109 


cncc ti /?trn i oo/io 
bJJbb Jlo5UH-zz4z 


October o, zUUo 




25 


30 


A O 

4o 


—33.08 


0.29 


—30.9 


110 


nncc n ccn i oci c 

bDbb Jlo59+o515 


T..1 A OOOO 

July 4, 2UU8 




30 


30 


47 


—42.49 


0.07 


—44.1 


111 


nncc ti 70 i oooea 

bDbb J17Uo+zooo 


T. .. 1_ . c OOOO 

July o, 2UU8 




10 


24 


42 


— 174.90 


0.19 


— 174.0 


112 


QTiGO T1 70C I nfi C7 

bJJbb Jlrzo+Uooi 


c\ _ j _ i_ a oooo 

October o, zUUo 




25 


25 


a n 
4U 


—353.37 


0.22 


—350.4 


113 


bJJbb J17o4-|-4ol0 


{~\ _j. _ 1_ __ A OOOO 

October 4, ZUUo 




25 


28 


a n 

4y 


—211.93 


0.09 


—209.7 


114 


bDbb Jl/o5+444o 


Tv /T „ , T o onno 
May Z, ZUUo 




20 


30 


C A 

54 


— 142.26 


0.06 


— 123.4 


115 


cncc t "i 7or i /i /i on 

bDbb J173o+442U 


October 4, zUUo 




20 


30 


51 


—310.09 


0.08 


—305.5 


116 


bJJbb Jlf4o+z455 


Tt /Tn^nV, in onno 
March 1U, zUUo 




15 


2 ( 


A A 


78.69 


0.22 


78.6 


117 

117 


bDbb JlooU+4141 


i\ o onno 
May Z, ZUUo 




26 


35 


C A 

54 


070 07 

—1 /U.y 7 


0.23 


—273.2 


118 


o ncc 1 n oo/i i oooo 

bDbb J18o4+2Uzo 


/~\ i 1 ET OOOO 

October 5, zUUo 




25 


23 


38 


—17.45 


0.22 


—6.4 


119 


bJJbb JlOOO+Ool/ 


/~\ ,_ j_ _ 1_ /i OOOO 

October 4, ZUUo 




20 


23 


A C 

45 


—423.25 


0.22 


—395.9 


1 on 

1ZU 


olJoo JZUU5 — 1U4D 


July o, ZUUo 


Tnl-ir onns 
July D, ZUUo 


fin 

DU 


/in 


AO 
DZ 


— 50. DU 


n or 
U.oO 


— 51. I 


121 


SDSS J2052+0109 


October 5, 2008 




40 


28 


45 


-184.23 


0.12 


-172.3 


122 


SDSS J2104-0104 


July 5, 2008 




30 


29 


47 


-110.55 


0.16 


-112.5 


123 


SDSS J2111+0109 


August 22, 2008 




30 


25 


41 


-270.65 


0.16 


-273.0 


124 


SDSS J2118-0640 


August 22, 2008 




30 


26 


43 


-199.71 


0.83 


-197.7 


125 


SDSS J2123-0820 


July 5, 2008 




40 


34 


51 


-167.33 


0.19 


-164.8 


126 


SDSS J2128-0756 


October 5, 2008 




30 


30 


48 


-178.24 


0.11 


-171.5 


127 


SDSS J2206-0925 


July 4, 2008 




15 


41 


71 


14.85 


0.09 


13.2 


128 


SDSS J2207+2017 


October 6, 2008 




40 


29 


44 


-150.75 


0.17 


-149.9 


129 


SDSS J2208+0613 


July 4, 2008 




15 


32 


50 


-136.46 


0.23 


-135.6 


130 


SDSS J2213-0726 


July 4, 2008 




15 


37 


67 


-392.42 


0.07 


-391.0 


131 


SDSS J2300+0559 


October 4, 2008 




40 


30 


47 


-244.68 


0.24 


-245.5 


132 


SDSS J2308-0855 


August 22, 2008 




50 


32 


53 


-111.41 


0.18 


-112.4 


133 


SDSS J2309+2308 a 


July 5, 2008 


July 6, 2008 


50 


29 


49 


-307.47 


0.57 


-308.7 


134 


SDSS J2334+1538 


July 6, 2008 




20 


25 


39 


-130.09 


0.29 


-128.7 


135 


SDSS J2338+0902 


July 5, 2008 




10 


27 


53 


-156.88 


0.17 


-145.6 
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Table 2 — Continued 



ID 


Object 


Obs.datc(l) Obs.date(2) 


exp.time 
(minute) 


S/N 
4300A 


S/N 
5180A 


V H 

( km s _1 ) 


( km s 1 ) ( km s 1 ) 


136 
137 


SDSS J2349+3832 a 
SDSS J2357-0052 a 


August 22, 2008 
October 4, 2008 


30 
15 


22 
26 


37 
47 


-87.35 
-9.40 


1.13 -84.4 
0.15 -14.5 



a Objccts which were later observed at higher resolution and higher S/N. 
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Table 3. SPECTRAL LINE DATA 



Species 


Wavelength 

(A) 


logs/ 


L.E.P. 

(eV) 


References' 1 


U 1 


ooUU.oU4 


—9.819 


0.000 


1 


TVT„ T 

IN a 1 


coon n i 


0.117 


0.000 


1 


Na I 


cr on et no a 


—0.184 


0.000 


1 


Mg I 


4157.271 


—0.710 


4.346 


2 


Mg I 


/i £ 7i nnc 
45 * l.Uyo 


—5.393 


0.000 


3 


T\ IT _ T 

Mg 1 


47Uz.yyi 


—0.380 


4.330 


2 


Mg I 


51 / 2.5o4 


—0.450 


2.712 


A 


Mg I 


r 1 no (~T\ A 

51oo.oU4 


—0.239 


2.717 


4 


Mg I 


552o.4U5 


—0.341 


4.346 


5 


t 

bl 1 


A 1 no OQl^ 


—3.140 


1.909 


1 


Oa 1 


1 o f 710 


0.244 


0.000 


5 


t 

ua l 


/I OO Q fl1 1 

4250.U11 


—0.224 


1.886 


5 




A OOfl OC7 


—0.304 


1.879 


5 


ua 1 




—0.207 


1.890 


5 


ua 1 


A AO A O C 7 

44o4.95 / 


—0.005 


1.886 


5 


Oa 1 


A AC A *"70n 

4454.780 


0.258 


1.898 


5 


Oa 1 


4455.887 


—0.526 


1.899 


5 


ua 1 


ctroo '7/1 n 

55oo. /4y 


0.205 


2.526 


5 


ua 1 


5594. 4bZ 


0.050 


2.523 


5 


Oa 1 


0057.451 


0.229 


2.933 


5 


Oa 1 


6102.723 


—0.794 


1.879 


5 


Oa 1 


/;■ 1 no 01 7 

olzz.217 


—0.315 


1.886 


5 


Ca I 


6162.173 


—0.089 


1.899 


5 


Ca 1 


i" /i on n^cr 

643y.075 


0.472 


2.526 


5 


Oa 1 


/;■ a c o cr £?T 

6462. 5b7 


0.313 


2.523 


5 


L^a l 


i?ino von 
64yo. t yu 


n 1 no 
— U. lUy 


Z.52U 





C TT 

be 11 


424b. oo / 


0.240 


0.315 


7 


C TT 

be 11 


4314. 0y5 


0.100 


0.618 


7 


Q„ TT 

be 11 


4320. / 32 


— 0.252 


0.605 


1 


Sc II 


4324. 9y6 


—0.442 


0.595 


1 


Sc II 


4374.457 


-0.418 


0.618 


1 


Sc II 


4400.399 


-0.540 


0.605 


7 


Sc II 


4415.563 


-0.670 


0.595 


7 


Sc II 


5031.021 


-0.400 


1.357 


7 


Sc II 


5526.790 


0.020 


1.768 


7 


Ti I 


4533.249 


0.530 


0.848 


8 


Ti I 


4534.776 


0.340 


0.836 


8 


Ti I 


4681.909 


-1.020 


0.048 


9 


Ti I 


4981.731 


0.560 


0.848 


8 


Ti I 


4991.065 


0.436 


0.836 


8 


Ti I 


4999.503 


0.306 


0.826 


8 


Ti I 


5007.210 


0.168 


0.818 


8 


Ti I 


5064.653 


-0.935 


0.048 


9 


Ti I 


5192.969 


-0.950 


0.021 


9 


Ti I 


5210.385 


-0.828 


0.048 


9 
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Table 3 — Continued 



Species 


Wavelength 

(A) 


logs/ 


L.E.P. 

(eV) 


References' 1 


Ti II 


a no cr i on 


—2.140 


0.607 


10 


Ti II 


4U28.343 


—0.990 


1.892 


11 


Ti II 


A "1 TO f O r-7 

4173.537 


—1.815 


1.084 


1 


Ti II 


A OOT O TO 

4287.872 


— 1.820 


1.080 


11 


Ti II 


i onn o 1 n 


—0.930 


1.165 


11 


rp; tt 
ll 11 


a unn n /i n 
4oUU.U49 


—0.420 


1.180 


11 


Ti II 


(oin or- A 

4olz.8o4 


— 1.090 


1.180 


11 


rp- tt 
ll 11 


4ooU.oyo 


—2.090 


1.180 


11 


Ti II 


a o ot n 1 cr 

4o ,37.915 


—0.960 


1.080 


10 


ll 11 


4o44.Zoo 


— 1.930 


1.084 


1 


Ti II 


< one no o 

4395.033 


—0.460 


1.084 


11 


Ti II 


< one o cn 


— 1.930 


1.243 


10 


ll 11 


4o9y. m z 


— 1.220 


1.237 


11 


rp; tt 
ll 11 


/I /|i 7 71 n 

441 / . / iy 


— 1.190 


1.165 


10 


Ti II 


< <1 o o on 

4418. ooU 


—2.070 


1.237 


11 


Ti II 


a a ah Tn a 

4440.794 


—0.720 


1.080 


10 


Ti II 


a a cr n /too 

445U.482 


— 1.500 


1.084 


11 


ll 11 


a a d A /I crn 
44o4.4oU 


— 1.810 


1.161 


11 


r-p: tt 
ll 11 


44bo.5U/ 


—0.600 


1.131 


11 


Ti II 


/i erni oto 

45Ul.z7o 


—0.770 


1.116 


10 


rp; tt 
ll 11 


/I cr o o OiSn 

4ooo.yoy 


— 0.540 


1.237 


11 


rp; tt 
ll 11 


a cr o 7i? i 
450D. /Ol 


— 0.690 


1.221 


10 


Ti II 


/i cr ti n/^o 

4571.968 


—0.320 


1.572 


10 


Ti II 


^ cr on n cr o 

4589.958 


— 1.620 


1.237 


11 


Ti II 


< oner no rr 


—0.960 


2.061 


1 


rp; tt 
ll 11 


cr 1 on 1 ceo 

oi.zy.ioz 


— 1.300 


1.880 


11 


rp; tt 
ll 11 


cr. i cr a ri7n 


— 1.780 


1.566 


11 


Ti II 


cr o o/" 1 cr a o 

5zzo.54o 


— 1.230 


1.566 


11 


Ti II 


r oon TOi" 1 

5336.786 


— 1.590 


1.582 


10 


Cr I 


4254.332 


—0.114 


0.000 


12 


Cr I 


4274.796 


-0.231 


0.000 


12 


Cr I 


4289.716 


-0.361 


0.000 


12 


Cr I 


4646.148 


-0.700 


1.030 


12 


Cr I 


4652.152 


-1.030 


1.004 


12 


Cr I 


5206.038 


0.019 


0.941 


12 


Cr I 


5208.419 


0.158 


0.941 


12 


Mn I 


4030.763 


-0.470 


0.000 


13 


Mn I 


4033.060 


-0.618 


0.000 


13 


Mn I 


4034.492 


-0.811 


0.000 


13 


Mn I 


4754.040 


-0.086 


2.282 


13 


Fc I 


4045.812 


0.280 


1.486 


14 


Fe I 


4062.441 


-0.862 


2.845 


14 


Fe I 


4063.594 


0.062 


1.558 


14 


Fe I 


4071.738 


-0.008 


1.608 


14 


Fe I 


4132.058 


-0.675 


1.608 


14 
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Table 3 — Continued 



Species 


Wavelength 

(A) 


logs/ 


L.E.P. 

(eV) 


References a 


Fe I 


A 1 O A G TO 

4134.678 


—0.649 


2.831 


14 


Fe I 


A 1 A O A 1 CT 

4143.415 


—0.204 


3.047 


14 


Fe I 


4143.868 


—0.511 


1.558 


14 


Fe I 


A~l A*7 Ot~T\ 

4147. boy 


—2.090 


1.485 


14 


Fe I 


4156.799 


—0.809 


2.831 


14 


Fe I 


/J 1 e t Ton 

4157.780 


—0.403 


3.417 


14 


Fe I 


4181.755 


—0.371 


2.831 


14 


"TV, T 

re 1 


/mot toc: 

418 f .795 


—0.530 


2.425 


1 A 

14 


Fe I 


4191. 431 


—0.666 


2.469 


14 


Fe I 


4199.095 


0.156 


3.047 


14 


.be 1 


42U2.U29 


—0.689 


1.485 


1 A 

14 


Fe I 


<OA/" (TIT 

420o.o97 


—3.960 


0.052 


14 


T7U T 

le 1 


421D.184 


—3.356 


0.000 


"1 1 
14 


Fe I 


4222.213 


—0.914 


2.449 


14 


Fe I 


/I T /I OT 

4227.427 


0.266 


3.332 


14 


Fe I 


4233.603 


—0.579 


2.482 


14 


Fe I 


/i oo cr noT 

4235.937 


—0.330 


2.425 


14 


.be 1 


ziocn i on 
425U.12U 


—0.380 


2.469 


1 A 

14 


"TV, T 

be 1 


/inrA TOT 

425U. /8/ 


—0.713 


1.558 


1 A 

14 


Fe I 


4258. olo 


—4.316 


0.087 


12 


be 1 


/io^n /it /i 
42uU.4 { 4 


0.0/ ( 


2.400 


"1 A 

14 


re 1 


42 / 1.154 


—0.337 


2.449 


14 


Fe I 


/I OT1 T/" 1 1 

4271.761 


—0.173 


1.485 


14 


Fe I 


4282.403 


—0.779 


2.176 


14 


Fe I 


4299.235 


—0.380 


2.425 


14 


le 1 


/i on7 nno 
43U f .902 


—0.073 


1.557 


14 


re 1 


/loot; 7co 
4325. /o2 


0.006 


1.608 


14 


Fe I 


/I 11 T C\ AO 

4337.U4b 


— 1.695 


1.557 


14 


re 1 


4352. / 35 


— 1.287 


2.223 


14 


Fe I 


4369.772 


—0.730 


3.047 


12 


Fe I 


4375.930 


-3.020 


0.000 


14 


Fe I 


4383.545 


0.208 


1.485 


14 


Fe I 


4404.750 


-0.147 


1.557 


14 


Fe I 


4415.122 


-0.621 


1.608 


14 


Fe I 


4422.568 


-1.115 


2.845 


14 


Fe I 


4427.310 


-2.924 


0.052 


14 


Fe I 


4442.339 


-1.228 


2.198 


14 


Fe I 


4447.717 


-1.339 


2.223 


14 


Fe I 


4459.118 


-1.310 


2.176 


14 


Fe I 


4461.653 


-3.200 


0.087 


14 


Fe I 


4466.552 


-0.600 


2.831 


14 


Fe I 


4476.019 


-0.819 


2.845 


14 


Fe I 


4484.220 


-0.864 


3.602 


14 


Fe I 


4489.739 


-3.930 


0.121 


14 


Fe I 


4494.563 


-1.136 


2.198 


14 
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Table 3 — Continued 



Species 


Wavelength 

(A) 


logs/ 


L.E.P. 

(eV) 


References a 


Fe I 


4528. bl4 


—0.850 


2.176 


14 


Fe I 


J roi 1 AO 

4ool.I4o 


—2.130 


1.485 


14 


Fe I 


a cno C CT 1 

4592.051 


—2.449 


1.557 


12 


Fe I 


a /"no n a i 

4oU2.941 


—2.209 


1.485 


14 


Fe I 


a 7o o cr no 

47oo.592 


—2.988 


1.485 


1 


.be 1 


4/oo.77o 


—0.752 


3.211 


1 A 

14 


Fe I 


^ o cr n *7 A i 

4859.741 


—0.764 


2.875 


14 


re 1 


/|071 oi o 

48/ l.olo 


—0.363 


2.865 


1 A 

14 


Fe I 


/I OTH TOO 

4872.1^8 


—0.567 


2.882 


14 


"TV, T 

re 1 


/i con 'zr; c 

489U. /55 


—0.394 


2.876 


14 


Fe I 


^ on 1 a no 

4891.492 


—0.112 


2.852 


14 


Fe I 


a nno o 1 n 

49Uo.olU 


— 1.080 


2.882 


12 


be 1 


Am q no /i 
4918.994 


—0.342 


2.845 


14 


re 1 


/inon crno 
492U.5U-3 


0.068 


2.832 


14 


Fe I 


/i no o o 1 a 

4938.814 


— 1.077 


2.875 


14 


Fe I 


a non got 

4939.687 


—3.252 


0.859 


14 


Fe I 


/i ntr t onn 

4957.299 


—0.408 


2.851 


14 


T7U T 

be 1 


495 r .59/ 


0.233 


2.808 


1 A 

14 


.be 1 


/i no /i i on 
4994. loU 


—3.080 


0.915 


12 


Fe I 


cr nn/" 1 Tin 

5UUD.119 


—0.638 


2.832 


1 


i^e 1 


5U12.Uo8 


—2.642 


0.859 


12 


re 1 


5U41. /2 / 


—2.782 


3.695 


1 


Fe I 


5041.756 


—2.203 


1.485 


1 


Fe I 


cr n /i n oon 

5049. 82U 


— 1.420 


2.279 


12 


Fe I 


cr ncr 1 r* o cr 

5051.635 


—2.795 


0.915 


12 


Fe I 


crni^o tgg 

50o8.7oo 


— 1.230 


2.940 


12 


re 1 


50/ 9. /4U 


—3.220 


0.990 


12 


Fe I 


cr no o o on 

5083.339 


—2.958 


0.958 


12 


Fe I 


5098.698 


—2.026 


2.176 


1 


Fe I 


5110.359 


—1.366 


3.573 


1 


Fe I 


5123.720 


-3.068 


1.011 


12 


Fe I 


5127.359 


-3.307 


0.915 


12 


Fe I 


5133.689 


0.140 


4.178 


12 


Fe I 


5142.929 


-3.080 


0.958 


1 


Fe I 


5150.840 


-3.070 


0.990 


12 


Fe I 


5151.911 


-3.322 


1.011 


12 


Fe I 


5162.273 


0.020 


4.178 


12 


Fe I 


5166.282 


-4.195 


0.000 


12 


Fe I 


5171.596 


-1.793 


1.485 


12 


Fe I 


5191.455 


-0.551 


3.038 


14 


Fe I 


5192.344 


-0.421 


2.998 


14 


Fe I 


5194.942 


-2.090 


1.557 


12 


Fe I 


5198.711 


-2.135 


2.223 


12 


Fe I 


5202.336 


-1.838 


2.176 


12 


Fe I 


5204.583 


-4.332 


0.087 


12 
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Table 3 — Continued 



Species 


Wavelength 

(A) 


logs/ 


L.E.P. 

(eV) 


References a 


Fe I 


521b. 2T4 


—2.150 


1.608 


12 


be 1 


cooc: croc 
OzzO.ozu 


—4.789 


U.11U 


1 

12 


Fe I 


ro'io r\ Art 

ozoz.940 


—0.058 


2.940 


14 


Fe I 


5266.555 


—0.386 


2.998 


14 


Fe I 


cr orri cr it 

52o9.oo7 


— 1.321 


0.860 


12 


.be 1 


02 /U.ooo 


—1.510 


1.608 


12 


Fe I 


52ol.79U 


— 1.020 


3.038 


12 


re 1 


t;on7 q/?i 
OoU r .ool 


—2.987 


1.608 


12 


Fe I 


5324.179 


—0.240 


3.211 


12 


be 1 


trooo non 

oozo.Uoy 


— 1.466 


0.915 


12 


T7U T 

be 1 


CQOO coo 

oozo.ooz 


— 1.850 


1.557 


1 


Fe I 




—2.940 


1.557 


12 


be 1 


0o41.U24 


—2.060 


1.608 


12 


re 1 


o42y.oy ( 


— 1.879 


0.958 


12 


Fe I 


5434.524 


—2.122 


1.011 


12 


Fe I 


cr /i ,1 /" m 7 

544o.917 


— 1.930 


0.990 


12 


Fe I 


5455.610 


—2.091 


1.011 


1 


.be 1 


549 r .olo 


—2.849 


1.011 


12 


Fe I 


r rni /ICC 

5501.465 


—2.950 


0.958 


12 


Fe I 


cr cr\r- 77n 

ooUo.779 


—2.797 


0.990 


12 


be 1 


ooo9.olo 


— 0.040 


.41 7 


12 


re 1 


cr cr 70 O/io 

00 ( 2.842 


— 0.310 


3.396 


12 


re 1 


cr cr tc ncn 

00 /o.Uo9 


— 1.000 


3.430 


12 


Fe I 


cr cr or- tct i" 1 

5580.750 


—0.144 


3.368 


14 


Fe I 


5615.644 


—0.140 


3.332 


12 


.be 1 


Cl 5c (?i r 
6136.615 


— 1.400 


2.453 


12 


re 1 


613 ; .6yz 


— 1.403 


2.588 


12 


Fe I 


6191.558 


— 1.600 


2.433 


12 


re 1 


6230.723 


— 1.281 


2.559 


12 


Fe I 


6335.331 


—2.230 


2.198 


12 


Fe I 


6393.601 


-1.620 


2.433 


12 


Fe I 


6421.351 


-2.027 


2.279 


12 


Fe I 


6430.846 


-2.006 


2.176 


12 


Fe I 


6494.980 


-1.239 


2.400 


6 


Fe I 


6677.987 


-1.470 


2.692 


12 


Fe II 


4178.862 


-2.443 


2.583 


15 


Fe II 


4233.172 


-1.809 


2.583 


15 


Fe II 


4416.830 


-2.540 


2.778 


16 


Fe II 


4508.288 


-2.312 


2.856 


17 


Fe II 


4515.339 


-2.362 


2.844 


15 


Fe II 


4520.224 


-2.550 


2.807 


16 


Fe II 


4522.634 


-2.190 


2.844 


16 


Fe II 


4583.837 


-1.740 


2.807 


15 


Fe II 


4923.927 


-1.206 


2.891 


15 


Fe II 


5018.430 


-1.230 


2.891 


16 



Table 3 — Continued 



Species 


Wavelength 
(A) 


log gf 


L.E.P. 

(eV) 


References' 1 


Fe II 


5i 69 033 


—1.140 


2.891 


16 


Fe II 


51 97 577 


—2.350 


3.230 


16 


Fe II 


5234 630 


—2.151 


3.221 


17 


Fe II 


5275 990 


—2.130 


3.199 


16 


Fe II 


5316.615 


-2.020 


3.153 


16 


Co I 


4121.311 


-0.300 


0.922 


18 


Ni I 


4714.408 


0.260 


3.380 


1 


Ni I 


5476.900 


-0.890 


1.826 


1 


Zn I 


4722.153 


-0.390 


4.030 


19 


Zn I 


4810.528 


-0.170 


4.078 


19 


Sr II 


4077.709 


0.158 


0.000 


20 


Sr II 


4215.519 


-0.155 


0.000 


20 


Y II 


4374.935 


0.160 


0.409 


21 


Y II 


4854.863 


-0.380 


0.992 


21 


Y II 


4883.685 


0.070 


1.084 


21 


Y II 


4900.110 


-0.090 


1.030 


21 


Ba II 


4554.029 


0.163 


0.000 


22 


Ba II 


4934.076 


-0.150 


0.000 


1 


Ba II 


5853.690 


-0.910 


0.600 


6 


Ba II 


6141.730 


-0.080 


0.700 


6 


Ba II 


6496.910 


-0.380 


0.600 


6 


La II 


4086.709 


-0.070 


0.000 


23 


La II 


4333.753 


-0.060 


0.173 


23 


Eu II 


4129.725 


0.220 


0.000 


24 



^Re ferences 
(1975) 



3j Wiese et al 
Wiese fe Martin[ 



llKupka et al.l (Il999l); (2) iFischerl 



Lawlcr & Dakin 



Blackwell et al.l 




19691 ); (4 lAldenius et al.l 



(6 



Ivans et al. 



(8 lBlackweII et al.l 
(lf T^rckeTin^^t^l 



2007) 



2006) 



(lllRva^^^^wae^al. \l99i ) : (12lMartin et al 



(1982a) 



2001) 



1988) 



(13; Booth et al. 
Schnabel et al. i 



1991 ); (18) iNitz et al.l 



2004); 



14lO'Brian et all dl99lh; (15) 



( 198: 



j); (17);lBiemont et al 



198C); (20) IPinnington et al 



Biemont fc Godefroic 



(21) 



Hannaford et al 



19821); (22) iGa lagherl l|l96^ ; (23 lLawler et alj l|2001al ) 



(24 lLawler et al.l J2001 
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Table 4. STELLER PARAMETERS 



ID 


Object 




SSPP 




Teff(K) 

(V - K) 


T cft (K) 
(g - r) 


Adopt 


cd par; 


^meters 


Teff(K) 


logs 


[Fe/H] 


T off (K) 


logs 


[Fe/H] 


001 


qncq 


T0009-L9Q98 


6169 


3.10 


—2.81 


6328 


6043 


6150 


a n 
4.U 


—3.26 


002 


cncc 


tooos n^9Q 


4938 


2.51 


—2.78 


4549 


4o/ 3 


4950 


2.0 


—2.66 


003 


cnqc 


Trims oq^q 
j uuio — uyoy 


4612 


3.29 


—2.98 


4648 


4628 


4600 


5.0 


—2.65 


004 


cncc 


T0090 ooao 
j uuzu — uu4u 


6453 


2.69 


—2.61 


6055 


6444 


6450 


4.U 


—2.81 


005 


cncc 


70091 00^0 


6654 


3.31 


—3.09 


Dy44 


6242 


6650 


a n 
4.U 


—3.16 


006 




T009Q OOOQ 


5499 


2.18 


—3.04 


5555 


5618 


5500 


a n 
4.U 


—3.12 


007 




T0097-1-1 AC\A 

JUUZ i -t-±4U4 


6270 


3.68 


—2.88 


6121 


6166 


6250 


a n 
4.U 


—3.03 


008 




TOH97 1 OOO 


6555 


3.80 


—3.04 


6824 


6529 


6550 


4.0 


—2.71 


009 


cnqc 


T009S 101^ 
J UUZo — 1U10 


6151 


3.95 


—2.87 


6581 


6152 


6150 


4.0 


—2.81 


010 


cncc 


T009Q 1Q10 

j uuzy — ly iu 


6499 


3.75 


—3.39 


6750 


6444 


6500 


a n 
4.U 


—3.15 


Oil 


cncc 


juuoo — looy 


5009 


2.11 


—2.83 


4797 


5016 


5000 


2.1 


—2.80 


012 


cnqc 


TOO/11 00^*3 

j uu4i — uyoo 


5988 


2.80 


—2.88 


5959 


5969 


6000 


a n 
4.U 


—2.81 


013 


Oi-JiJO 


T01 00-U004Q 

j u±uu-ruu4y 


5533 


Q A O 

3.48 


—2.95 


5490 


5562 


5550 


a n 
4.U 


—3.18 


014 


Oi-JiJO 


T01 1 1 _L1 AAO 


6330 


3.70 


—2.61 


6323 


6161 


6350 


4.0 


—2.80 


015 


cnqc 


701 1 


5510 


3.46 


—2.98 


5495 


5535 


5500 


a n 
4.U 


—3.32 


016 




T01 90 1 OOI 


5801 


2.77 


—3.18 


5702 


5917 


5800 


4.0 


—3.45 


017 


cncc 

Oi-JJO 


T01 9(^-U0fi07 


6877 






6842 


6611 


6900 


4.0 


—3.01 


018 


qncc 


T01 31 0Q08 


5257 


2.38 


—2.79 


4949 


5050 


5250 


2.4 


—2.62 


019 


cncc 


701 40-U9^zlA 


6103 


3.37 


—3.57 


5890 


5860 


6100 


4.0 


—3.65 


020 




T090Q-L91 90 


6244 


o a A 

2.04: 


—2.86 


5954 


6190 


6250 


a n 
4.U 


—2.89 


021 


cncc 
oJJoo 


T09^zU-^^9S 


6197 


3.46 


— 2.77 


DZOI 


6311 


6200 


a n 
4.U 


—2.82 


022 


cnqc 


T09^QJ-00^7 


4550 


3.92 


— 3.62 


4746 


4696 


4550 


5.0 


—3.31 


023 


cnqc 


TO^OS-UO^O 1 ^ 


5938 


3.05 


—2.01 


6136 


5743 


5950 


4.0 


—2.19 


024 


cnqq 


TOQ1 7 i nnoQ 


5785 


3.54 


—3.34 


5911 


5913 


5800 


4.0 


—3.39 


025 


once 


T0Q90_I_/I 1 /I Q 


5966 


4.25 


—2.94 


6166 


6047 


5950 


a n 
4.U 


—2.92 


026 




TO'? M -U1 09fi 


C A A 1 

0441 


2.69 


—3.09 


5645 


5723 


5450 


3.6 


—3.18 


027 


cncc 


TO/1 1 /I i ncccco 


6514 


3.69 


—2.84 


7020 


6534 


6500 


4.0 


—2.32 


028 


SDSS 


J0416+0713 


5956 


3.20 


—2.19 


5464 


5264 


5950 


4.0 


—2.59 


029 


SDSS 


J0629+8303 


5539 


2.51 


—3.00 


5542 


5439 


5550 


4.0 


—2.82 


030 


SDSS 


J0630+2552 


6100 


3.77 


—3.15 


7493 


6185 


6100 


4.0 


—3.05 


031 


SDSS 


J0711+6702 


5338 


2.32 


-2.57 


5237 


5235 


5350 


3.0 


-2.91 


032 


SDSS 


J0723+3637 


5135 


2.98 


-3.35 


4992 


5113 


5150 


2.2 


-3.32 


033 


SDSS 


J0727+1609 


6613 


4.02 


-2.82 


6124 


6276 


6600 


4.0 


-2.92 


034 


SDSS 


J0741+6708 


5201 


2.40 


-2.94 


5006 


5116 


5200 


2.5 


-2.87 


035 


SDSS 


J0746+2831 


6111 


4.15 


-2.77 


6313 


6038 


6100 


4.0 


-2.75 


036 


SDSS 


J0748+1758 


6091 


3.36 


-2.81 


6311 


6176 


6100 


4.0 


-2.60 


037 


SDSS 


J0749+1801 


5098 


2.85 


-2.80 


4978 


5037 


5100 


1.8 


-2.64 


038 


SDSS 


J0804+5153 


5948 


3.14 


-2.74 


5693 


5873 


5950 


4.0 


-3.01 


039 


SDSS 


J0809+0907 


6155 


3.16 


-3.37 


6285 


6214 


6150 


4.0 


-3.38 


040 


SDSS 


J0814+3337 


6454 


3.34 


-3.14 


6590 


6469 


6450 


4.0 


-3.28 


041 


SDSS 


J0817+2641 


6053 


3.40 


-3.17 


6277 


6109 


6050 


4.0 


-2.85 


042 


SDSS 


J0819+3119 


6327 


4.07 


-2.75 


6455 


6385 


6350 


4.0 


-2.88 


043 


SDSS 


J0821+1819 


6269 


3.80 


-3.25 


6187 


6242 


6250 


4.0 


-3.70 


044 


SDSS 


J0825+0403 


6414 


3.35 


-3.42 


5653 


6444 


6400 


4.0 


-3.60 


045 


SDSS 


J0827+1052 


6409 


3.88 


-3.23 


6230 


6365 


6400 


4.0 


-3.17 
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Table 4 — Continued 



ID 


Object 




SSPP 




T cft (K) 
(V - K) 


Teff(K) 

(g - r)o 


Adopted parameters 


T cff (K) 


logs 


[Fe/H] 


J c ff (A; 


logs 




046 


D-UOO 


702/io_i_^/io^ 


6152 


3.45 


—2.92 


5766 


6286 


6150 


4.0 


-3.25 


047 


cncc 


708/170-01 91 


6271 


3.83 


—3.01 


6199 


6419 


6250 


4.0 


-3.20 


048 


cncc 


702 c; i iinia 


6486 


3.80 


—2.94 


6438 


6281 


6500 


4.0 


-2.89 


049 




702 C^/l 1 


5192 


1.99 


—2.76 


5075 


5001 


5200 


2.5 


-2.53 


050 




708^0-1-0/109 


5416 


3.70 


—3.04 


5188 


5225 


5400 


3.1 


-3.05 


051 




70Q07-L09zl.fi 


5985 


2.89 


—3.39 


6293 


6066 


6000 


4.0 


-3.30 


052 


cncc 


7001 9-L091 ft 


6127 


2.55 


—2.85 


6275 


5952 


6150 


4.0 


-2.68 


053 




700Q9_I_09/1 1 

juyoz-i-uz4i 


6220 


3.32 


—2.89 


5910 


6405 


6200 


4.0 


-3.14 


054 




7 1 OO/l /I 9 


6114 


3.14 


—3.05 


6035 


6076 


6100 


4.0 


-3.09 


055 




71 03*3-1-/1.001 


6582 


3.83 


—2.90 


6323 


6464 


6600 


4.0 


-3.06 


056 




71 03fi_l_1 919 


5854 


3.13 


—3.45 


5787 


5917 


5850 


4.0 


-3.47 


057 


once 
D-UoD 


711 Ofi_l_OQ/l Q 


6281 


4.10 


—2.89 


7010 


6185 


6300 


4.0 


-2.88 


058 




711 OQ_l_1 1A 1 


6051 


3.35 


—2.84 


6201 


6024 


6050 


4.0 


-3.17 


059 


ence 


711 904-3097 


5750 


4.32 


—3.02 


5810 


5671 


5750 


4.0 


-3.14 


060 




711 9S-LQS/L1 


6570 


3.68 


—3.26 


6621 


6565 


6550 


4.0 


-2.82 


061 




711 <d_7J_1 ^1 


6499 


3.70 


—2.98 


6876 


6459 


6500 


4.0 


-2.96 


062 


D-Uoo 


71 1 £Q i K/ioc; 


5721 


3.09 


—3.25 


5886 


5702 


5700 


4.0 


-3.26 


063 


D-UoD 


7191 Q_l_/1 /I c;0 


6637 


A Q A 

4.o4 


—3.11 


6230 


6719 


6650 


4.0 


-3.20 


064 


ence 


71 9^0-1-000^ 


6160 


2.90 


—3.56 


6153 


6271 


6150 


4.0 


-3.34 


065 


ence 


71 933-1-3/107 


6325 


3.61 


—2.64 


6173 


6133 


6300 


4.0 


-2.87 


066 


ence 


719/11 0837 
J 1Z41 — Uoo I 


5138 


2.47 


—2.72 


4901 


4956 


5150 


2.5 


-2.73 


067 


ence 
ouoo 


719/19 033fi 


5130 


2.63 


—2.86 


4961 


5087 


5150 


2.5 


-2.77 


068 


ence 


Tio/ir: 0738 


6108 






6393 


6142 


6100 


4.0 


-3.17 


069 




71 300J-9R39 


6464 


3.30 


—3.26 


6510 


6385 


6450 


4.0 


-3.53 


070 




71 303_l_9^1 £ 


6141 


3.74 


—2.71 


6323 


014/ 


6150 


4.0 


-2.85 


071 




71 30/U-393Q 
J loU4-t _ oZoy 


6054 


3.62 


—2.96 


6534 


6331 


6050 


4.0 


-2.90 


072 




7131 9_l_9/1 c;0 
J lolZ-|-Z40U 


6251 


3.64 


—2.75 


6069 


6199 


6250 


4.0 


-2.72 


073 


SDSS 


J1316+1747 


4976 


2.19 


—2.23 


4579 


4662 


5000 


2.1 


-2.10 


074 


SDSS 


J1334+0022 


5664 


3.21 


—3.03 


5555 


5626 


5650 


4.0 


-3.03 


075 


SDSS 


J1338+1204 


6281 


4.07 


—2.89 


6445 


6218 


6300 


4.0 


-2.86 


076 


SDSS 


J1349-0229 


6189 






5725 


6081 


6200 


4.0 


-3.24 


077 


SDSS 


J1400+0753 


6274 


3.74 


-2.87 


5882 


6276 


6250 


4.0 


-2.98 


078 


SDSS 


J1408+6239 


6284 


4.41 


-2.88 


6420 


6340 


6300 


4.0 


-2.97 


079 


SDSS 


J1410+5350 


6102 


3.40 


-3.15 


6402 


6199 


6100 


4.0 


-3.42 


080 


SDSS 


J1412+5609 


6608 


3.98 


-3.24 


6420 


6867 


6600 


4.0 


-3.19 


081 


SDSS 


J1422+0031 


5190 


2.45 


-3.17 


4865 


5850 


5200 


2.2 


-3.03 


082 


SDSS 


J1424+5615 


6339 


3.95 


-3.04 


5971 


6266 


6350 


4.0 


-2.97 


083 


SDSS 


J1425+1137 


6272 


3.99 


-2.98 


6292 


6370 


6300 


4.0 


-3.08 


084 


SDSS 


J1425+5742 


6474 


3.90 


-3.15 


6345 


6580 


6450 


4.0 


-3.29 


085 


SDSS 


J1434+1036 


6396 


3.43 


-3.22 


5397 


6326 


6400 


4.0 


-3.21 


086 


SDSS 


J1436+0918 


6521 


3.61 


-3.26 


6886 


6385 


6500 


4.0 


-3.49 


087 


SDSS 


J1436+0301 


6175 


3.04 


-3.22 


6047 


6176 


6150 


4.0 


-3.60 


088 


SDSS 


J1437+5231 


6292 


4.02 


-2.99 


6480 


6335 


6300 


4.0 


-2.90 


089 


SDSS 


J1437+5837 


6460 


3.47 


-2.77 


6464 


6335 


6450 


4.0 


-3.02 


090 


SDSS 


J1446+1249 


6346 


3.61 


-3.01 


6024 


6355 


6350 


4.0 


-2.99 
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Table 4 — Continued 



ID 


Object 




SSPP 




T cft (K) 
(V - K) 


Teff(K) 

(g - r)o 


Adopted parameters 


T cH (K) 


logs 


[Fe/H] 


J c ff (A; 


logs 




091 


D-UOO 


T1 tiflO-LQ 1 1 *3 

J loUZ-hollo 


6347 


3.95 


—2.77 


6404 


6439 


6350 


4.0 


-2.86 


092 


cncc 
DUoD 




6069 


3.65 


—3.27 


6206 


6218 


6050 


4.0 


-3.31 


093 




J 1010-|-40Uo 


6312 


3.76 


—3.06 


6508 


6128 


6300 


4.0 


-3.34 


094 




T1 fi_l_/1 QQQ 


6517 


3.49 


—2.78 


6570 


6596 


6500 


4.0 


-2.91 


095 




71 ^91 _|_Q/1/?7 


6203 


3.81 


—2.86 


6507 


6109 


6200 


4.0 


-2.79 


096 




71 ^994-^0^^ 
J 10ZZ-|-OUOO 


6008 


O 77 


—3.46 


5873 


5908 


6000 


4.0 


-3.59 


097 




T1 ^9^-UAQzl9 


5846 


3.41 


—2.92 


5779 


5791 


5850 


4.0 


-3.06 


098 




T1 ^98_LZLQ1 ^ 


6441 


3.34 


—3.06 


6483 


6555 


6450 


4.0 


-2.99 


099 




T1 t^i i ot;oi 


5854 


3.85 


—3.05 


5899 


5961 


5850 


4.0 


-3.07 


100 




71 ^q_i_9M 1 

J IOOOtZOII 


5861 


2.31 


—2.86 


5687 


5679 


5850 


4.0 


-3.30 


101 




71 fin^-U9Q1 7 


6007 


3.97 


—3.13 


6432 


6104 


6000 


4.0 


-3.36 


102 


once 


71 fi1 9_l_ri/1 91 


5364 


2.58 


—2.88 


5450 


5371 


5350 


3.3 


-2.86 


103 




71 fi1 Q_i_ c^QOO 


5333 


2.51 


—2.80 


5184 


5307 


5350 


2.1 


-3.33 


104 


ence 


71 f!9^J_^Q1 ^ 


6369 


3.81 


—2.79 


6580 


6214 


6350 


4.0 


-3.19 


105 




71 fi9fiJ_1 zl^S 
J iozo-r±4Do 


6385 






5907 


6390 


6400 


4.0 


-2.99 


106 






6288 


3.53 


—2.95 


5699 


6171 


6300 


4.0 


-2.88 


107 


ence 
oJJoo 


71 fi/in_i_Q7no 
J lD4U-ho ( Uy 


6435 


3.41 


—3.29 


6319 


6350 


6450 


4.0 


-3.39 


108 


qnqq 


71 ( : lzlfi-l_9S9zl 


6109 


2.78 


—2.71 


6532 


5996 


6100 


4.0 


-3.05 


109 


qnqq 


71 £^0-1-99/19 


65/ / 


3.90 


—2.96 


6691 


6340 


6600 


4.0 


-2.56 


110 




71 fi^Q-L^M ^ 

j iooy-roo±o 


6073 


3.17 


—2.93 


5992 


6223 


6050 


4.0 


-3.24 


111 


enqc 


71 70^-l-9S^f : ; 
Jll Uot/ooO 


5119 


A IT 

4.37 


Q A O 

— 3.45 


oOo i 


5109 


5100 


4.8 


-3.21 


112 




71 798-1-0(^^7 


6333 


3.62 


—3.08 


6832 


6316 


6350 


4.0 


-2.85 


113 




71 7^zL-UA^ 1 


5196 


1.33 


—3.01 


5237 


5095 


5200 


2.7 


-2.51 


114 


qnqq 


71 73 t^J-AA Afl 


5266 


2.95 


—3.14 


4868 


5100 


5250 


2.0 


-3.29 


115 


ence 
D-UoD 


7 1 7Qfi_l_/l /1 9H 
J 1 / ou-|-44ZU 


5475 


2.96 


—2.83 


5173 


5227 


5450 


3.0 


-2.93 


116 




71 7zl( : iJ_9zl t ^ 


5358 


2.47 


—2.85 


5030 


5164 


5350 


2.6 


-3.17 


117 




71 2Qn_L/l 1/11 


6571 


3.87 


—3.08 


6568 


6637 


6550 


4.0 


-3.01 


118 


SDSS 


J1834+2023 


6528 


3.18 


—2.72 


6397 


6632 


6550 


4.0 


-1.98 


119 


SDSS 


J1836+6317 


5341 


1.55 


—2.73 


5575 


5037 


5350 


3.0 


-2.85 


120 


SDSS 


J2005-1045 


6614 


3.90 


—3.46 


6332 


6380 


6600 


4.0 


-3.34 


121 


SDSS 


J2052+0109 


6067 


4.30 


-2.68 


6183 


6009 


6050 


4.0 


-2.80 


122 


SDSS 


J2104-0104 


5275 


2.74 


-2.99 


5379 


5279 


5250 


2.0 


-3.43 


123 


SDSS 


J2111+0109 


6270 


3.18 


-2.63 


6235 


6271 


6250 


4.0 


-2.75 


124 


SDSS 


J2118-0640 


6651 


3.92 


-2.78 


6603 


6375 


6650 


4.0 


-2.91 


125 


SDSS 


J2123-0820 


6344 


3.54 


-2.71 


6100 


5974 


6350 


4.0 


-2.88 


126 


SDSS 


J2128-0756 


6148 


3.41 


-2.84 


5903 


6214 


6150 


4.0 


-2.76 


127 


SDSS 


J2206-0925 


5084 


2.62 


-3.08 


4911 


5031 


5100 


2.1 


-3.17 


128 


SDSS 


J2207+2017 


6192 


3.49 


-3.05 


6491 


6488 


6200 


4.0 


-2.42 


129 


SDSS 


J2208+0613 


6432 


3.56 


-2.78 


6408 


6296 


6450 


4.0 


-2.85 


130 


SDSS 


J2213-0726 


5135 


2.35 


-2.56 


4724 


4867 


5150 


1.8 


-2.55 


131 


SDSS 


J2300+0559 


6505 


3.94 


-2.94 


6289 


6326 


6450 


4.0 


-2.94 


132 


SDSS 


J2308-0855 


6086 


3.55 


-2.90 


6891 


6000 


6100 


4.0 


-2.74 


133 


SDSS 


J2309+2308 


6337 


3.70 


-3.00 


6013 


5904 


6350 


4.0 


-3.09 


134 


SDSS 


J2334+1538 


6558 


4.33 


-2.91 


6510 


6405 


6550 


4.0 


-2.91 


135 


SDSS 


J2338+0902 


4889 


2.33 


-3.23 


4570 


4602 


4900 


1.9 


-3.12 
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Table 4 — Continued 



ID 


Object 




SSPP 




Teff(K) 


T cft (K) 


Adopted parameters 






Teff(K) 


logs 


[Fe/H] 


(V - K) 


(9 - r)o 


T off (K) log 3 [Fe/H] 


136 
137 


SDSS J2349+3832 
SDSS J2357-0052 


6233 
5209 


3.16 
3.98 


-3.35 
-3.41 


5990 
5105 


6550 
5055 


6250 4.0 -3.20 
5200 4.8 -3.20 
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Table 5. CHEMICAL ABUNDANCES RESULTS 





[Fe/H](Fe I) 


[Fe/H](FeII) 


[Na/Fc] 


[Mg/Fc] [Ca/Fc] 


[Ti/Fc] 


[Sr/Fc] 


[Ba/Fc] 


[C/Fc] 


001 








SDSS J0002- 


f2928 










loge 


4.24 


4.59 


3.97 


4.70 


2.87 


2.49 


-0.12 


0.75 


7.80 


[X/Fe] 


-3.26 


0.35 


1.00 


0.36 


-0.20 


0.80 


0.27 


1.84 


2.63 


Ctot 


0.21 


0.30 


0.24 


0.16 


0.21 


0.27 


0.29 


0.27 


0.22 


N 


11 


2 


1 


2 


1 


4 


1 


2 




002 








SDSS J0008- 


-0529 










loge 


4.84 


4.86 


3.79 


5.18 


3.77 


2.61 


0.24 


0.35 




[X/Fc] 


-2.66 


0.02 


0.21 


0.24 


0.09 


0.32 


0.03 


0.83 




Ctot 


0.34 


0.34 


0.24 


0.16 


0.18 


0.30 


0.35 


0.39 




N 


64 


6 


2 


5 


9 


17 


1 


2 




003 








SDSS J0018- 


-0939 










loge 


4.85 


5.09 


2.63 


4.51 


3.52 


2.28 






4.90 


[X/Fe] 


-2.65 


0.25 


-1.04 


-0.44 


-0.17 


-0.02 






-0.88 


Ctot 


0.33 


0.34 


0.24 


0.15 


0.17 


0.32 






0.22 


N 


44 


2 


2 


2 


4 


2 









004 








SDSS J0020- 


-0040 










loge 


4.69 


4.59 




5.05 


4.05 


2.59 


-0.45 






[X/Fe] 


-2.81 


-0.10 




0.26 


0.52 


0.45 


-0.51 






Ctot 


0.21 


0.31 




0.18 


0.24 


0.27 


0.31 






N 


14 


2 




2 


1 


5 


1 






005 








SDSS J0021- 


-0050 










loge 


4.34 


4.28 


3.48 


4.96 


4.34 










[X/Fe] 


-3.16 


-0.06 


0.40 


0.53 


1.16 










Ctot 


0.22 


0.39 


0.31 


0.21 


0.29 










N 


7 


1 


1 


2 


1 










006 








SDSS J0023- 


-0003 










loge 


4.38 


4.51 


3.39 


4.90 


3.52 


2.44 


-0.15 


-1.36 




[X/Fe] 


-3.12 


0.13 


0.27 


0.42 


0.30 


0.61 


0.10 


-0.42 




Ctot 


0.34 


0.39 


0.30 


0.21 


0.26 


0.33 


0.33 


0.51 




N 


26 


3 


2 


4 


3 


8 


2 


1 




007 








SDSS J0027+1404 










loge 


4.47 


4.48 


2.87 


4.61 


3.50 










[X/Fe] 


-3.03 


0.01 


-0.33 


0.04 


0.19 










Ctot 


0.22 


0.40 


0.25 


0.22 


0.30 










N 


9 


1 


2 


2 


1 










008 








SDSS J0027- 


-1909 










loge 


4.79 


4.63 


3.04 


5.01 


3.78 


2.35 


-0.54 






[X/Fe] 


-2.71 


-0.16 


-0.49 


0.11 


0.15 


0.10 


-0.71 






Ctot 


0.21 


0.30 


0.28 


0.19 


0.25 


0.28 


0.32 






N 


14 


3 


1 


2 


1 


4 


1 






009 








SDSS J0028- 


-1015 










loge 


4.69 




3.33 


5.27 


3.48 




-0.43 






[X/Fe] 


-2.81 




-0.10 


0.48 


-0.05 




-0.49 






Ctot 


0.21 




0.20 


0.17 


0.23 




0.30 






N 


12 




2 


2 


1 




1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


010 








SDSS J0029 


-1910 










loge 


4.35 






4.82 


3.68 




-0.13 






[X/Fc] 


-3.15 






0.37 


0.49 




0.15 






Otot 


0.21 






0.17 


0.22 




0.30 






N 


9 






2 


1 




1 






Oil 








SDSS J0033 


-1859 










loge 


4.70 


4.72 


3.44 


5.01 


3.53 


2.40 


-0.88 


-1.21 




[X/Fc] 


-2.80 


0.02 


-0.01 


0.21 


-0.01 


0.25 


-0.96 


-0.60 




Otot 


0.34 


0.37 


0.26 


0.19 


0.27 


0.32 


0.38 


0.47 




N 


38 


3 


2 


4 


2 


7 


1 


1 




012 








SDSS J0041 


-0953 










loge 


4.69 


4.72 


3.23 


5.01 


3.19 










[X/Fc] 


-2.81 


0.03 


-0.20 


0.22 


-0.33 










Ctot 


0.20 


0.28 


0.18 


0.14 


0.18 










N 


11 


3 


2 


2 


1 










013 








SDSS J0100+0049 










loge 


4.32 


4.71 


3.08 


4.73 


3.12 


2.46 


-0.22 


-1.17 




[X/Fe] 


-3.18 


0.39 


0.02 


0.31 


-0.04 


0.69 


0.10 


-0.17 




CTtot 


0.21 


0.29 


0.20 


0.17 


0.23 


0.26 


0.30 


0.32 




N 


13 


3 


2 


2 


1 


7 


1 


1 




014 








SDSS J0111+1442 










loge 


4.70 


4.55 


3.57 


5.39 


4.30 


2.53 


-0.22 






[X/Fe] 


-2.80 


-0.15 


0.13 


0.59 


0.76 


0.38 


-0.29 






CTtot 


0.21 


0.30 


0.21 


0.18 


0.24 


0.28 


0.31 






N 


13 


3 


2 


2 


1 


4 


1 






015 








SDSS J0115+2637 










loge 


4.18 


4.84 


3.13 


4.66 


3.09 


2.59 








[X/Fc] 


-3.32 


0.66 


0.22 


0.38 


0.07 


0.96 








CTtot 


0.36 


0.48 


0.38 


0.37 


0.53 


0.37 








N 


12 


2 


2 


2 


1 


5 








016 








SDSS J0120 


-1001 










loge 


4.05 




2.50 


4.42 


2.69 




0.19 






[X/Fc] 


-3.45 




-0.30 


0.27 


-0.20 




0.77 






CTtot 


0.22 




0.23 


0.20 


0.27 




0.34 






N 


8 




2 


2 


1 




1 






017 








SDSS J0126+0607 










loge 


4.49 


4.26 


4.09 


5.25 


4.11 






2.37 


8.50 


[X/Fc] 


-3.01 


-0.23 


0.86 


0.66 


0.78 






3.20 


3.08 


CTtot 


0.20 


0.29 


0.23 


0.15 


0.20 






0.27 


0.22 


N 


12 


3 


1 


2 


1 






2 




018 








SDSS J0131 


-0908 










loge 


4.88 


4.90 


3.77 


4.95 


3.83 


2.46 


-1.01 






[X/Fc] 


-2.62 


0.02 


0.15 


-0.03 


0.11 


0.13 


-1.26 






Ctot 


0.34 


0.35 


0.21 


0.17 


0.19 


0.31 


0.31 






N 


45 


3 


2 


3 


4 


11 


1 
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Table 5 — Continued 



[Fe/H](Fe I) [Fe/H](FcII) [Na/Fe] [Mg/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Ba/Fc] [C/Fc] 



019 SDSS J0140+2344 





3.85 






4.39 


2.51 




0.55 




[X/Fel 


-3.65 






0.44 


-0.18 




1.33 






0.21 






0.17 


0.22 




0.30 




N 


9 






2 


1 




1 




020 








SDSS J0209- 


f2120 








lop - F 


4.61 


4.54 




4.77 


3.84 








[X/Fel 

L / 


-2.89 


-0.07 




0.06 


0.39 










0.20 


0.30 




0.12 


0.16 








N 


7 


1 




2 


1 








021 








SDSS J0254- 


f3328 








log e 


4.68 


4.68 


2.89 


4.49 


3.51 








[X/Fel 

L / J 


-2.82 


-0.01 


-0.53 


-0.29 


-0.01 










0.21 


0.32 


0.23 


0.20 


0.27 








N 


13 


2 


2 


2 


1 








022 








SDSS J0259+0057 








log e 


4.19 




3.20 


4.48 








5.10 


[X/Fel 

L / J 


-3.31 




0.27 


0.19 








-0.02 




0.36 




0.22 


0.20 








0.22 


N 


4 




2 


2 










023 








SDSS J0308+0505 








lop" F 


5.31 


5.20 


4.60 


5.72 




2.99 


1.05 


8.60 


[X/Fel 

L / J 


-2.19 


-0.11 


0.55 


0.31 




0.23 


0.37 


2.36 




0.21 


0.30 


0.28 


0.19 




0.27 


0.32 


0.22 


N 


11 


3 


1 


2 




5 


1 




024 








SDSS J0317+0023 








log e 


4.11 




2.83 


4.57 


3.15 








[X/Fe] 


-3.39 




-0.01 


0.36 


0.20 








CTtot 


0.20 




0.18 


0.14 


0.18 








N 


11 




2 


2 


1 








025 








SDSS J0320+4143 








loge 


4.58 




2.91 


4.91 


3.21 


1.94 


-1.14 




[X/Fe] 


-2.92 




-0.41 


0.23 


-0.21 


-0.09 


-1.09 




CTtot 


0.22 




0.26 


0.24 


0.32 


0.34 


0.38 




N 


11 




2 


2 


1 


2 


1 




026 








SDSS J0351+1026 








loge 


4.32 


4.33 


2.91 


5.13 


3.49 


2.69 


0.65 


6.80 


[X/Fe] 


-3.18 


0.01 


-0.15 


0.71 


0.33 


0.92 


0.96 


1.55 


CTtot 


0.37 


0.41 


0.28 


0.27 


0.39 


0.39 


0.32 


0.14 


N 


5 


2 


2 


2 


1 


2 


2 




027 








SDSS J0414+0552 








loge 


5.18 




3.19 


5.23 


4.25 








[X/Fe] 


-2.32 




-0.73 


-0.06 


0.23 








CTtot 


0.24 




0.22 


0.19 


0.25 








N 


3 




2 


2 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


028 








SDSS J0416- 


(-0713 










loge 


4.91 




3.06 


5.02 


3.09 










[X/Fe] 


-2.59 




-0.59 


0.01 


-0.66 










Ctot 


0.24 




0.22 


0.19 


0.25 










N 


3 




2 


2 


1 










029 








SDSS J0629- 


f8303 










loge 


4.68 


5.04 


4.33 


4.87 


3.84 


2.65 






7.70 


[X/Fc] 


-2.82 


0.36 


0.91 


0.09 


0.32 


0.52 






2.09 


Ctot 


0.21 


0.29 


0.29 


0.14 


0.14 


0.28 






0.22 


N 


13 


4 


1 


4 


4 


4 








030 








SDSS J0630- 


f2552 










loge 


4.45 






4.78 












[X/Fe] 


-3.05 






0.24 












Otot 


0.24 






0.19 












N 


3 






2 












031 








SDSS J0711- 


f6702 










loge 


4.59 


4.55 


3.87 


4.84 


3.72 


2.31 


-0.58 


0.08 


7.50 


[X/Fe] 


-2.91 


-0.03 


0.55 


0.15 


0.29 


0.27 


-0.54 


0.82 


1.98 


CTtot 


0.34 


0.33 


0.16 


0.13 


0.20 


0.30 


0.24 


0.36 


0.14 


N 


19 


4 


2 


3 


1 


6 


1 


1 




032 








SDSS J0723+3637 










loge 


4.18 


4.20 


2.82 


4.51 




1.84 






6.90 


[X/Fe] 


-3.32 


0.02 


-0.11 


0.23 




0.21 






1.79 


Ctot 


0.34 


0.34 


0.22 


0.14 




0.31 






0.14 


N 


19 


3 


1 


3 




6 








033 








SDSS J0727+1609 










loge 


4.58 


4.58 


3.12 


4.86 


3.82 


2.61 


-0.28 






[X/Fc] 


-2.92 


-0.01 


-0.21 


0.18 


0.39 


0.57 


-0.24 






CTtot 


0.20 


0.27 


0.15 


0.08 


0.09 


0.26 


0.22 






N 


5 


1 


1 


2 


1 


1 


1 






034 








SDSS J0741+6708 










loge 


4.63 


4.62 


3.65 


5.20 


3.83 


2.56 


-0.40 


-0.42 


6.30 


[X/Fe] 


-2.87 


-0.01 


0.28 


0.47 


0.35 


0.48 


-0.41 


0.26 


0.74 


<7tot 


0.34 


0.37 


0.26 


0.19 


0.21 


0.31 


0.37 


0.37 


0.14 


N 


48 


3 


2 


4 


5 


10 


1 


4 




035 








SDSS J0746+2831 










loge 


4.75 


4.49 


3.23 


5.41 


3.92 


2.33 


-0.12 






[X/Fe] 


-2.75 


-0.26 


-0.26 


0.56 


0.33 


0.13 


-0.24 






CTtot 


0.20 


0.29 


0.22 


0.14 


0.11 


0.26 


0.24 






N 


24 


2 


1 


2 


3 


4 


2 






036 








SDSS J0748+1758 










loge 


4.90 


4.65 


2.77 


4.80 


3.61 




-0.27 






[X/Fe] 


-2.60 


-0.25 


-0.86 


-0.19 


-0.13 




-0.54 






Otot 


0.20 


0.30 


0.22 


0.19 


0.26 




0.32 






N 


25 


3 


2 


2 


1 




1 
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Table 5 — Continued 



[Fe/H](Fe I) [Fe/H](FcII) [Na/Fe] [Mg/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Ba/Fc] [C/Fc] 



037 SDSS J0749+1801 





4.86 


4.89 


3.71 


5.11 


3.75 


2.33 


—0.42 


— 1.50 


[X/Fel 

L / °J 


-2.64 


0.02 


0.10 


0.15 


0.05 


0.02 


-0.66 


-1.04 




0.34 


0.35 


0.20 


0.14 


0.17 


0.30 


0.29 


0.36 


N 


53 


3 


2 


5 


6 


12 


1 


3 


038 








SDSS J0804- 


^5153 










4.49 


4.82 


3.45 


4.94 


3.11 


2.55 


—0.20 


—0.70 


[X/Fel 

L / 


-3.01 


0.33 


0.22 


0.35 


-0.22 


0.60 


-0.06 


0.13 




0.21 


0.29 


0.21 


0.17 


0.23 


0.26 


0.26 


0.32 


N 


13 


3 


2 


2 


1 


6 


2 


1 


039 








SDSS J0809- 


1-0907 








log e 


4.12 


4.07 


2.80 


4.47 


3.26 








[X/Fel 

L / J 


-3.38 


-0.04 


-0.06 


0.25 


0.30 










0.20 


0.29 


0.24 


0.16 


0.21 








N 


13 


3 


1 


2 


1 








040 








SDSS J0814+3337 








log e 


4.22 


4.13 


2.97 


4.60 


3.47 








[X/Fel 

L / J 


-3.28 


-0.09 


0.01 


0.28 


0.41 










0.21 


0.33 


0.19 


0.15 


0.20 








N 


9 


1 


2 


2 


1 








041 








SDSS J0817+2641 








lop" F 


4.65 






4.95 


3.67 




—0.30 


-0.27 


[X/Fel 

L / 


-2.85 






0.20 


0.18 




-0.32 


0.40 




0.21 






0.15 


0.20 




0.28 


0.30 


N 


5 






2 


1 




1 


1 


042 








SDSS J0819+3119 








log £ 


4.62 


4.55 


3.36 


5.20 


3.69 


2.50 


-0.26 




[X/Fe] 


-2.88 


-0.08 


-0.01 


0.47 


0.22 


0.43 


-0.26 




CTtot 


0.21 


0.30 


0.21 


0.18 


0.25 


0.30 


0.26 




N 


14 


3 


2 


2 


1 


2 


2 




043 








SDSS J0821+1819 








loge 


3.80 






4.20 


2.64 








[X/Fc] 


-3.70 






0.30 


0.00 








CTtot 


0.24 






0.19 


0.25 








N 


3 






2 


1 








044 








SDSS J0825+0403 








loge 


3.90 






4.44 


3.37 








[X/Fc] 


-3.60 






0.44 


0.63 








CTtot 


0.25 






0.23 


0.31 








N 


4 






2 


1 








045 








SDSS J0827+1052 








loge 


4.33 


4.16 


2.68 


4.76 


3.24 




-0.49 


-0.30 


[X/Fe] 


-3.17 


-0.17 


-0.39 


0.33 


0.07 




-0.19 


0.69 


Otot 


0.21 


0.34 


0.25 


0.22 


0.31 




0.36 


0.38 


N 


12 


2 


2 


2 


1 




1 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


046 








SDSS J0840- 


H5405 










loge 


4.25 


4.10 




5.50 


3.85 


2.12 








[X/Fe] 


-3.25 


-0.15 




1.15 


0.76 


0.42 








Ctot 


0.21 


0.33 




0.16 


0.21 


0.29 








N 


11 


1 




2 


1 


2 








047 








SDSS J0847- 


1-0121 










loge 


4.30 


4.02 


3.03 


5.03 


3.68 




-0.58 


-0.75 




[X/Fc] 


-3.20 


-0.28 


-0.01 


0.63 


0.54 




-0.25 


0.26 




Ctot 


0.21 


0.35 


0.27 


0.18 


0.24 




0.31 


0.33 




N 


11 


1 


1 


2 


1 




1 


1 




048 








SDSS J0851- 


1-1018 










loge 


4.61 


4.32 


2.66 


5.01 


4.07 


2.42 








[X/Fe] 


-2.89 


-0.30 


-0.69 


0.30 


0.62 


0.36 








Otot 


0.20 


0.29 


0.22 


0.14 


0.18 


0.26 








N 


12 


2 


1 


2 


1 


5 








049 








SDSS J0858- 


^3541 










loge 


4.97 


4.96 


3.46 


5.05 


3.82 


2.62 


-0.41 


-0.37 


6.20 


[X/Fe] 


-2.53 


-0.01 


-0.25 


-0.02 


0.01 


0.20 


-0.75 


-0.02 


0.30 


CTtot 


0.33 


0.33 


0.20 


0.15 


0.16 


0.30 


0.25 


0.36 


0.14 


N 


107 


13 


2 


4 


10 


21 


2 


4 




050 








SDSS J0859+0402 










loge 


4.45 


4.48 


2.73 


4.69 


2.81 


2.34 








[X/Fe] 


-3.05 


0.04 


-0.46 


0.15 


-0.48 


0.44 








Otot 


0.34 


0.35 


0.24 


0.19 


0.32 


0.31 








N 


37 


4 


2 


3 


1 


9 








051 








SDSS J0907+0246 










loge 


4.20 


4.26 


3.68 


4.56 


2.98 


2.12 


-0.67 






[X/Fc] 


-3.30 


0.07 


0.75 


0.27 


-0.05 


0.48 


-0.24 






CTtot 


0.20 


0.28 


0.17 


0.13 


0.17 


0.26 


0.23 






N 


13 


3 


2 


2 


1 


4 


2 






052 








SDSS J0912+0216 










loge 


4.82 


4.61 


4.12 


5.28 


3.94 




0.20 


0.81 


7.80 


[X/Fe] 


-2.68 


-0.21 


0.55 


0.35 


0.28 




0.01 


1.30 


2.05 


<7tot 


0.20 


0.28 


0.17 


0.11 


0.11 




0.25 


0.25 


0.22 


N 


8 


3 


2 


3 


2 




1 


2 




053 








SDSS J0932+0241 










loge 


4.36 


4.62 


2.91 


4.94 


3.36 


2.55 


0.54 


0.23 




[X/Fc] 


-3.14 


0.26 


-0.19 


0.48 


0.16 


0.74 


0.82 


1.19 




Ctot 


0.21 


0.30 


0.22 


0.19 


0.26 


0.27 


0.27 


0.29 




N 


12 


3 


2 


2 


1 


6 


2 


2 




054 








SDSS J1004+3442 










loge 


4.41 


4.41 


2.80 


4.88 


3.38 


2.39 


-0.46 






[X/Fe] 


-3.09 


-0.01 


-0.36 


0.36 


0.13 


0.53 


-0.24 






Ctot 


0.20 


0.27 


0.15 


0.09 


0.11 


0.25 


0.21 






N 


14 


3 


2 


2 


1 


6 


2 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


055 








SDSS J1033- 


f4001 










loge 


4.44 


4.27 




4.62 


3.49 


2.09 








[X/Fe] 


-3.06 


-0.17 




0.08 


0.21 


0.19 








Ctot 


0.20 


0.28 




0.12 


0.15 


0.29 








N 


9 


3 




2 


1 


1 








056 








SDSS J1036- 


H212 










loge 


4.03 


4.20 


3.67 


4.40 


3.03 


2.22 


-1.40 


0.05 


6.80 


[X/Fc] 


-3.47 


0.18 


0.90 


0.28 


0.17 


0.75 


-0.79 


1.35 


1.84 


Otot 


0.20 


0.30 


0.20 


0.16 


0.21 


0.26 


0.25 


0.31 


0.22 


N 


13 


2 


2 


2 


1 


5 


2 


1 




057 








SDSS J1106- 


f0343 










loge 


4.62 


4.43 


2.98 


4.97 


3.63 




-0.72 






[X/Fe] 


-2.88 


-0.20 


-0.38 


0.24 


0.17 




-0.71 






Otot 


0.20 


0.29 


0.20 


0.17 


0.22 




0.25 






N 


15 


3 


2 


2 


1 




2 






058 








SDSS J1108+1747 










loge 


4.33 




2.98 


4.95 


3.37 










[X/Fe] 


-3.17 




-0.09 


0.51 


0.20 










Otot 


0.21 




0.19 


0.15 


0.20 










N 


5 




2 


2 


1 










059 








SDSS J1120+3027 










loge 


4.36 


4.23 


3.05 


5.23 


3.65 


2.06 


-0.33 






[X/Fe] 


-3.14 


-0.13 


-0.05 


0.77 


0.45 


0.25 


-0.06 






Otot 


0.21 


0.36 


0.21 


0.18 


0.25 


0.28 


0.32 






N 


15 


1 


2 


2 


1 


4 


1 






060 








SDSS J1128+3841 










loge 


4.68 


4.45 




4.91 


3.49 


2.43 


0.02 






[X/Fc] 


-2.82 


-0.23 




0.13 


-0.03 


0.30 


-0.03 






Otot 


0.22 


0.35 




0.24 


0.33 


0.34 


0.39 






N 


9 


2 




2 


1 


2 


1 






061 








SDSS J1147+1510 










loge 


4.54 


4.30 


3.24 


5.14 


3.19 


2.23 








[X/Fe] 


-2.96 


-0.24 


-0.04 


0.50 


-0.19 


0.24 








Otot 


0.22 


0.40 


0.25 


0.22 


0.31 


0.39 








N 


9 


1 


2 


2 


1 


1 








062 








SDSS J1159+5425 










loge 


4.24 


4.46 


2.51 


4.25 


3.01 


1.96 


-0.56 






[X/Fe] 


-3.26 


0.22 


-0.47 


-0.09 


-0.07 


0.27 


-0.17 






Otot 


0.21 


0.32 


0.29 


0.19 


0.26 


0.29 


0.27 






N 


13 


2 


1 


2 


1 


3 


2 






063 








SDSS J1213+4450 










loge 


4.30 


4.28 


3.07 


4.66 


3.29 










[X/Fc] 


-3.20 


-0.02 


0.03 


0.26 


0.15 










Otot 


0.22 


0.38 


0.30 


0.20 


0.28 










N 


9 


1 


1 


2 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


064 








SDSS J1230- 


H0005 










loge 


4.16 


4.12 




4.40 


3.37 


2.12 


-0.86 






[X/Fe] 


-3.34 


-0.04 




0.14 


0.37 


0.51 


-0.40 






Ctot 


0.20 


0.29 




0.16 


0.21 


0.29 


0.29 






N 


13 


3 




2 


1 


2 


1 






065 








SDSS J1233- 


h3407 










loge 


4.63 


4.57 


3.06 


5.21 


3.95 


2.54 








[X/Fc] 


-2.87 


-0.06 


-0.31 


0.49 


0.48 


0.47 








Ctot 


0.21 


0.32 


0.25 


0.22 


0.31 


0.39 








N 


13 


3 


2 


2 


1 


1 








066 








SDSS J1241- 


-0837 










loge 


4.77 


4.79 


3.36 


4.54 


3.84 


2.12 




-1.00 


6.20 


[X/Fe] 


-2.73 


0.02 


-0.15 


-0.33 


0.23 


-0.10 




-0.45 


0.50 


Otot 


0.34 


0.37 


0.26 


0.25 


0.24 


0.32 




0.46 


0.14 


N 


39 


3 


2 


2 


3 


6 




1 




067 








SDSS J1242- 


-0336 










loge 


4.73 


4.75 


3.68 


5.11 


3.80 


2.43 


0.07 


-0.70 


6.30 


[X/Fc] 


-2.77 


0.02 


0.22 


0.29 


0.23 


0.26 


-0.02 


-0.11 


0.64 


Ctot 


0.34 


0.34 


0.20 


0.14 


0.18 


0.30 


0.30 


0.37 


0.14 


N 


52 


4 


2 


5 


4 


11 


1 


2 




068 








SDSS J1245- 


-0738 










loge 


4.34 


4.51 


4.42 


5.12 


4.08 


2.37 


0.35 


1.10 


7.80 


[X/Fe] 


-3.16 


0.17 


1.34 


0.69 


0.90 


0.58 


0.65 


2.09 


2.53 


Otot 


0.20 


0.28 


0.22 


0.14 


0.19 


0.28 


0.24 


0.27 


0.22 


N 


10 


3 


1 


2 


1 


2 


2 


2 




069 








SDSS J1300+2632 










loge 


3.97 




2.43 


4.61 


3.19 










[X/Fc] 


-3.53 




-0.28 


0.54 


0.38 










CTtot 


0.20 




0.19 


0.12 


0.15 










N 


8 




1 


2 


1 










070 








SDSS J1303+2515 










loge 


4.65 


4.51 


3.17 


5.29 


3.66 


2.30 








[X/Fe] 


-2.85 


-0.14 


-0.22 


0.54 


0.17 


0.20 








<7tot 


0.21 


0.30 


0.22 


0.19 


0.25 


0.27 








N 


14 


3 


2 


2 


1 


5 








071 








SDSS J1304+3239 










loge 


4.60 


4.57 


3.36 


5.37 


3.92 


2.29 


-0.34 


-1.01 




[X/Fe] 


-2.90 


-0.03 


0.03 


0.67 


0.48 


0.24 


-0.31 


-0.28 




CTtot 


0.23 


0.34 


0.30 


0.28 


0.39 


0.33 


0.43 


0.45 




N 


11 


3 


2 


2 


1 


3 


1 


1 




072 








SDSS J1312+2450 










loge 


4.78 


4.57 


3.74 


5.20 


4.02 


2.35 


-0.36 






[X/Fe] 


-2.72 


-0.22 


0.22 


0.31 


0.39 


0.12 


-0.51 






Ctot 


0.21 


0.34 


0.25 


0.16 


0.22 


0.28 


0.29 






N 


11 


1 


1 


2 


1 


3 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fc] [Ca/Fe] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


073 








SDSS J1316+1747 










loge 


5.40 


5.40 


4.36 


5.64 


4.45 


2.99 




-0.11 




[X/Fe] 


-2.10 


-0.01 


0.22 


0.14 


0.20 


0.14 




-0.20 




Ctot 


0.34 


0.36 


0.26 


0.18 


0.21 


0.31 




0.47 




N 


48 


4 


2 


5 


5 


11 




1 




074 








SDSS J1334- 


f0022 










loge 


4.47 


4.78 


3.02 


4.76 


3.21 


2.38 








[X/Fc] 


-3.03 


0.31 


-0.19 


0.20 


-0.10 


0.47 








Ctot 


0.21 


0.32 


0.25 


0.22 


0.30 


0.28 








N 


14 


3 


2 


2 


1 


6 








075 








SDSS J1338 


fl204 










loge 


4.64 


4.52 


3.37 


5.19 


3.88 


2.21 


-0.40 


-1.21 




[X/Fe] 


-2.86 


-0.12 


-0.01 


0.45 


0.39 


0.12 


-0.41 


-0.53 




Ctot 


0.20 


0.28 


0.17 


0.12 


0.15 


0.26 


0.23 


0.27 




N 


14 


3 


2 


2 


1 


5 


2 


1 




076 








SDSS J1349 


-0229 










loge 


4.26 


4.39 


4.87 


5.09 


3.72 






1.19 


8.20 


[X/Fc] 


-3.24 


0.13 


1.87 


0.73 


0.62 






2.25 


3.01 


Ctot 


0.22 


0.32 


0.23 


0.20 


0.27 






0.30 


0.22 


N 


6 


2 


2 


2 


1 






2 




077 








SDSS J1400+0753 










loge 


4.52 


4.75 




4.89 


3.91 


2.59 








[X/Fe] 


-2.98 


0.23 




0.28 


0.56 


0.63 








CTtot 


0.24 


0.36 




0.26 


0.35 


0.32 








N 


7 


2 




2 


1 


3 








078 








SDSS J1408+6239 










loge 


4.53 


4.67 


2.96 


4.78 


3.14 


2.54 


-0.87 






[X/Fc] 


-2.97 


0.14 


-0.30 


0.16 


-0.23 


0.56 


-0.77 






CTtot 


0.24 


0.35 


0.30 


0.28 


0.39 


0.37 


0.44 






N 


9 


3 


2 


2 


1 


2 


1 






079 








SDSS J1410+5350 










loge 


4.08 


4.28 




4.74 


3.63 


2.20 


-0.68 






[X/Fe] 


-3.42 


0.20 




0.56 


0.71 


0.67 


-0.13 






<7tot 


0.20 


0.30 




0.12 


0.16 


0.29 


0.23 






N 


8 


1 




2 


1 


1 


2 






080 








SDSS J1412+5609 










loge 


4.31 




4.34 


5.31 


3.33 










[X/Fe] 


-3.19 




1.29 


0.90 


0.18 










CTtot 


0.20 




0.20 


0.10 


0.16 










N 


8 




1 


4 


1 










081 








SDSS J1422+0031 










loge 


4.47 


4.48 


3.57 


5.34 


3.28 


1.96 


0.88 


-2.03 


7.10 


[X/Fc] 


-3.03 


0.01 


0.35 


0.76 


-0.04 


0.04 


1.04 


-1.18 


1.70 


Ctot 


0.34 


0.35 


0.24 


0.17 


0.32 


0.32 


0.35 


0.44 


0.14 


N 


36 


4 


2 


4 


1 


7 


1 


1 





Table 5 — Continued 



[Fe/H](Fe I) [Fe/H](FcII) [Na/Fe] [Mg/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Ba/Fc] [C/Fc] 



082 SDSS J1424+5615 



lop - F 


4.53 


4.45 


3.75 


5.56 


3.62 


2.21 


— 1.02 


[X/Fel 

L / °J 


-2.97 


-0.08 


0.47 


0.93 


0.25 


0.23 


-0.93 




0.21 


0.29 


0.20 


0.12 


0.22 


0.29 


0.29 


N 


12 


3 


2 


4 


1 


2 


1 


083 








SDSS J1425- 


1-1137 






lop - F 


4.42 


4.13 


2.94 


5.10 


3.65 


2.20 


—0.39 


[X/Fel 

L / 


-3.08 


-0.28 


-0.22 


0.59 


0.40 


0.34 


-0.17 




0.20 


0.31 


0.20 


0.17 


0.23 


0.26 


0.26 


N 


15 


2 


2 


2 


1 


6 


2 


084 








SDSS J1425- 


t-5742 






log e 


4.21 


4.15 




4.44 


3.29 




—0.29 


[X/Fel 

L / J 


-3.29 


-0.06 




0.13 


0.23 




0.13 




0.20 


0.28 




0.12 


0.15 




0.25 


N 


13 


2 




2 


1 




1 


085 








SDSS J1434- 


hl036 






log e 


4.29 




3.02 


4.80 


2.98 






[X/Fel 

L / J 


-3.21 




-0.01 


0.41 


-0.15 








0.22 




0.26 


0.17 


0.23 






N 


6 




1 


2 


1 






086 








SDSS J1436+0918 






lop" F 


4.01 


4.06 


2.96 


4.66 


3.31 


2.10 




[X/Fel 

L / J 


-3.49 


0.05 


0.21 


0.55 


0.46 


0.64 






0.20 


0.30 


0.16 


0.12 


0.15 


0.28 




N 


9 


1 


2 


2 


1 


1 




087 








SDSS J1436+0301 






log £ 


3.90 


4.35 


3.43 


4.73 


3.25 






[X/Fe] 


-3.60 


0.45 


0.79 


0.72 


0.51 






CTtot 


0.26 


0.36 


0.22 


0.19 


0.25 






N 


2 


1 


2 


2 


1 






088 








SDSS J1437+5231 






loge 


4.60 


4.32 


2.99 


5.06 


3.72 


2.19 


-0.16 


[X/Fe] 


-2.90 


-0.28 


-0.36 


0.36 


0.28 


0.14 


-0.13 


<7tot 


0.20 


0.27 


0.15 


0.10 


0.13 


0.28 


0.22 


N 


11 


3 


2 


2 


1 


1 


2 


089 








SDSS J1437+5837 






loge 


4.48 


4.34 


3.13 


4.92 


3.92 


2.18 


-0.43 


[X/Fe] 


-3.02 


-0.14 


-0.09 


0.34 


0.60 


0.25 


-0.28 


CTtot 


0.20 


0.29 


0.25 


0.17 


0.22 


0.27 


0.25 


N 


15 


3 


1 


2 


1 


5 


2 


090 








SDSS J1446+1249 






loge 


4.51 


4.31 


2.74 


4.60 


3.38 


2.16 


-0.60 


[X/Fe] 


-2.99 


-0.20 


-0.51 


-0.01 


0.03 


0.20 


-0.49 


Otot 


0.20 


0.28 


0.16 


0.11 


0.14 


0.28 


0.24 


N 


14 


2 


2 


2 


1 


1 


1 



Table 5 — Continued 



[Fe/H](Fe I) [Fe/H](FcII) [Na/Fe] [Mg/Fe] [Ca/Fe] [Ti/Fe] [Sr/Fe] [Ba/Fc] [C/Fc] 



091 SDSS J1502+3113 





4.64 


4.43 


3.16 


5.17 


3.79 


2.35 


—0.33 




[X/Fel 

L / °J 


-2.86 


-0.20 


-0.21 


0.44 


0.31 


0.26 


-0.34 






0.21 


0.30 


0.21 


0.17 


0.23 


0.27 


0.31 




N 


14 


3 


2 


2 


1 


4 


1 




092 








SDSS J1504- 


M623 










4.19 


4.41 


2.85 


4.60 


3.46 


2.23 






[X/Fel 

L / 


-3.31 


0.22 


-0.08 


0.31 


0.43 


0.59 








0.21 


0.34 


0.25 


0.16 


0.21 


0.29 






N 


12 


1 


1 


2 


1 


2 






093 








SDSS J1515- 


M503 








log e 


4.16 


4.17 




4.89 


3.41 


2.40 


—0.03 




[X/Fel 

L / J 


-3.34 


0.01 




0.63 


0.41 


0.80 


0.44 






0.22 


0.38 




0.20 


0.27 


0.36 


0.33 




N 


9 


1 




2 


1 


1 


1 




094 








SDSS J1516+4333 








log e 


4.59 


4.57 


3.00 


5.01 


3.66 




0.06 




[X/Fel 

L / J 


-2.91 


-0.02 


-0.33 


0.32 


0.23 




0.10 






0.22 


0.31 


0.32 


0.22 


0.30 




0.36 




N 


10 


3 


1 


2 


1 




1 




095 








SDSS J1521+3437 








lop" F 


4.71 




3.61 


5.54 


4.04 




0.27 




[X/Fcl 

L / J 


-2.79 




0.15 


0.73 


0.48 




0.18 






0.22 




0.28 


0.19 


0.26 




0.27 




N 


7 




1 


2 


1 




2 




096 








SDSS J1522+3055 








log e 


3.91 


4.03 


2.52 


4.53 


3.27 








[X/Fe] 


-3.59 


0.12 


-0.13 


0.52 


0.52 








CTtot 


0.20 


0.34 


0.20 


0.16 


0.21 








N 


14 


1 


2 


2 


1 








097 








SDSS J1523+4942 








loge 


4.44 


4.79 




4.92 


3.55 


2.56 


0.20 


-0.95 


[X/Fe] 


-3.06 


0.35 




0.38 


0.27 


0.67 


0.39 


-0.07 


CTtot 


0.24 


0.37 




0.32 


0.45 


0.31 


0.49 


0.50 


N 


11 


3 




2 


1 


6 


1 


1 


098 








SDSS J1528+4915 








loge 


4.51 


4.31 


3.18 


4.93 


3.52 




-0.33 




[X/Fc] 


-2.99 


-0.20 


-0.08 


0.32 


0.17 




-0.21 




CTtot 


0.20 


0.31 


0.17 


0.13 


0.16 




0.23 




N 


9 


1 


2 


2 


1 




2 




099 








SDSS J1551+2521 








loge 


4.43 


4.13 


3.53 


5.11 


3.53 


1.91 


-0.44 




[X/Fc] 


-3.07 


-0.30 


0.36 


0.58 


0.26 


0.03 


-0.24 




Otot 


0.21 


0.30 


0.22 


0.19 


0.26 


0.29 


0.33 




N 


15 


3 


2 


2 


1 


3 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


100 








SDSS J1553- 


1-2511 










loge 


4.20 


4.23 


2.83 


4.59 


3.32 




-0.11 






[X/Fe] 


-3.30 


0.04 


-0.11 


0.29 


0.28 




0.33 






Ctot 


0.21 


0.33 


0.19 


0.16 


0.21 




0.28 






N 


11 


1 


2 


2 


1 




1 






101 








SDSS J1603- 


h2917 










loge 


4.14 


4.13 


2.85 


4.72 


3.16 




-0.45 






[X/Fc] 


-3.36 


-0.01 


-0.03 


0.48 


0.18 




0.04 






Ctot 


0.21 


0.33 


0.24 


0.21 


0.29 




0.29 






N 


14 


2 


2 


2 


1 




2 






102 








SDSS J1612- 


h0421 










loge 


4.64 


4.65 


3.50 


5.03 


3.79 


2.59 


-0.82 


-0.62 


6.20 


[X/Fe] 


-2.86 


0.01 


0.12 


0.28 


0.30 


0.50 


-0.83 


0.05 


0.63 


Otot 


0.34 


0.42 


0.30 


0.24 


0.24 


0.32 


0.43 


0.43 


0.14 


N 


38 


2 


2 


3 


4 


10 


1 


2 




103 








SDSS J1613- 


h5309 










loge 


4.18 


4.21 


3.68 


5.20 


3.49 


1.96 


-0.89 


-1.12 


7.20 


[X/Fe] 


-3.32 


0.03 


0.77 


0.93 


0.48 


0.33 


-0.43 


0.03 


2.09 


CTtot 


0.36 


0.39 


0.30 


0.29 


0.41 


0.34 


0.43 


0.43 


0.14 


N 


9 


3 


2 


2 


1 


5 


1 


2 




104 








SDSS J1623+3913 










loge 


4.31 


4.28 


2.95 


5.25 


3.95 




-0.84 






[X/Fe] 


-3.19 


-0.03 


-0.10 


0.84 


0.80 




-0.52 






Otot 


0.21 


0.38 


0.23 


0.20 


0.28 




0.34 






N 


10 


1 


2 


2 


1 




1 






105 








SDSS J1626+1458 










loge 


4.51 


4.56 


4.68 


5.08 






0.24 


0.88 


8.30 


[X/Fc] 


-2.99 


0.04 


1.43 


0.47 






0.35 


1.69 


2.86 


CTtot 


0.21 


0.29 


0.18 


0.14 






0.27 


0.26 


0.22 


N 


6 


2 


2 


2 






1 


2 




106 








SDSS J1633+3907 










loge 


4.62 


4.41 


2.68 


4.25 


3.79 










[X/Fc] 


-2.88 


-0.21 


-0.68 


-0.47 


0.33 










Ctot 


0.20 


0.30 


0.19 


0.12 


0.15 










N 


6 


1 


1 


2 


1 










107 








SDSS J1640+3709 










loge 


4.11 




2.77 


4.58 


3.52 










[X/Fe] 


-3.39 




-0.08 


0.37 


0.57 










CTtot 


0.21 




0.24 


0.16 


0.21 










N 


8 




1 


2 


1 










108 








SDSS J1646+2824 










loge 


4.45 


4.53 




5.26 


3.77 


2.31 


-0.74 


0.91 


7.90 


[X/Fe] 


-3.05 


0.09 




0.71 


0.48 


0.41 


-0.56 


1.78 


2.52 


Ctot 


0.22 


0.32 




0.23 


0.32 


0.40 


0.38 


0.32 


0.22 


N 


12 


3 




2 


1 


1 


1 


2 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


109 








SDSS J1650- 


f2242 










loge 


4.94 


4.46 


3.20 


5.16 


3.72 




0.08 






[X/Fe] 


-2.56 


-0.48 


-0.48 


0.12 


-0.06 




-0.23 






Ctot 


0.24 


0.42 


0.26 


0.24 


0.33 




0.38 






N 


5 


1 


2 


2 


1 




1 






110 








SDSS J1659- 


f3515 










loge 


4.26 


4.15 


2.89 


5.03 


3.59 










[X/Fe] 


-3.24 


-0.11 


-0.11 


0.67 


0.49 










CTtot 


0.21 


0.36 


0.22 


0.18 


0.25 










N 


12 


1 


2 


2 


1 










111 








SDSS J1703- 


f2836 










loge 


4.29 




2.83 






2.60 






5.50 


[X/Fc] 


-3.21 




-0.20 






0.87 






0.28 


Ctot 


0.34 




0.18 






0.35 






0.22 


N 


16 




2 






1 








112 








SDSS J1728+0657 










loge 


4.65 


4.72 




4.89 




2.25 








[X/Fe] 


-2.85 


0.06 




0.14 




0.15 








CTtot 


0.23 


0.42 




0.24 




0.41 








N 


8 


1 




2 




1 








113 








SDSS J1734+4316 










loge 


4.99 


4.99 


4.16 


5.32 


4.07 


2.64 




1.28 


7.70 


[X/Fe] 


-2.51 


0.00 


0.43 


0.23 


0.23 


0.20 




1.61 


1.78 


CTtot 


0.34 


0.34 


0.24 


0.19 


0.18 


0.32 




0.36 


0.14 


N 


62 


7 


2 


3 


7 


7 




5 




114 








SDSS J1735+4446 










loge 


4.21 


4.24 


3.33 


4.63 


3.03 


1.62 








[X/Fc] 


-3.29 


0.03 


0.38 


0.32 


-0.02 


-0.04 








CTtot 


0.34 


0.37 


0.26 


0.25 


0.35 


0.32 








N 


14 


3 


2 


2 


1 


6 








115 








SDSS J1736+4420 










loge 


4.57 


4.58 


3.52 


5.09 


3.84 


2.25 


-0.34 


-1.22 




[X/Fe] 


-2.93 


0.01 


0.21 


0.42 


0.43 


0.23 


-0.28 


-0.47 




<7tot 


0.34 


0.35 


0.28 


0.16 


0.18 


0.31 


0.32 


0.42 




N 


44 


4 


1 


4 


7 


12 


1 


1 




116 








SDSS J1746+2455 










loge 


4.33 


4.38 


3.55 


5.12 


3.66 


2.22 


-0.28 


-0.73 


6.50 


[X/Fe] 


-3.17 


0.05 


0.48 


0.69 


0.49 


0.44 


0.03 


0.26 


1.24 


CTtot 


0.35 


0.43 


0.32 


0.31 


0.33 


0.34 


0.35 


0.45 


0.14 


N 


12 


2 


2 


2 


2 


6 


2 


2 




117 








SDSS J1830+4141 










loge 


4.49 


4.38 


2.97 


4.75 


3.77 




-0.47 






[X/Fe] 


-3.01 


-0.11 


-0.26 


0.15 


0.44 




-0.34 






Ctot 


0.20 


0.28 


0.18 


0.11 


0.13 




0.24 






N 


10 


2 


1 


2 


1 




1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


118 








SDSS J1834- 


H2023 










loge 


5.52 


4.91 




5.88 


4.69 


2.88 


0.85 






[X/Fe] 


-1.98 


-0.62 




0.25 


0.33 


-0.09 


-0.05 






Ctot 


0.22 


0.35 




0.23 


0.23 


0.31 


0.44 






N 


16 


3 




3 


3 


4 


1 






119 








SDSS J1836- 


^6317 










loge 


4.65 


4.66 


5.17 


5.58 


4.03 


2.28 




1.70 


7.60 


[X/Fc] 


-2.85 


0.01 


1.78 


0.84 


0.54 


0.18 




2.37 


2.02 


Ctot 


0.35 


0.37 


0.39 


0.28 


0.30 


0.35 




0.40 


0.14 


N 


17 


4 


1 


2 


2 


4 




3 




120 








SDSS J2005- 


-1045 










loge 


4.16 




2.57 


4.31 


3.29 










[X/Fe] 


-3.34 




-0.33 


0.05 


0.28 










Otot 


0.24 




0.28 


0.19 


0.25 










N 


3 




1 


2 


1 










121 








SDSS J2052- 


1-0109 










loge 


4.70 


4.58 


3.14 


4.97 


3.54 




-0.46 






[X/Fe] 


-2.80 


-0.12 


-0.30 


0.17 


0.00 




-0.53 






CTtot 


0.20 


0.29 


0.22 


0.19 


0.25 




0.32 






N 


20 


4 


2 


2 


1 




1 






122 








SDSS J2104- 


-0104 










loge 


4.07 


4.21 


3.23 


5.13 


3.90 


1.91 




-1.98 




[X/Fe] 


-3.43 


0.14 


0.43 


0.96 


1.00 


0.39 




-0.72 




CTtot 


0.35 


0.40 


0.27 


0.26 


0.37 


0.33 




0.48 




N 


11 


2 


2 


2 


1 


6 




1 




123 








SDSS J2111+0109 










loge 


4.75 


4.82 


3.02 


4.87 


4.43 


2.58 


0.34 


-0.50 




[X/Fe] 


-2.75 


0.08 


-0.47 


0.02 


0.84 


0.38 


0.22 


0.07 




CTtot 


0.20 


0.28 


0.20 


0.13 


0.16 


0.26 


0.23 


0.28 




N 


14 


3 


1 


2 


1 


5 


2 


1 




124 








SDSS J2118- 


-0640 










loge 


4.59 


4.53 


3.15 


4.90 


3.98 










[X/Fc] 


-2.91 


-0.06 


-0.18 


0.21 


0.55 










CTtot 


0.21 


0.30 


0.19 


0.15 


0.20 










N 


6 


2 


2 


2 


1 










125 








SDSS J2123- 


-0820 










loge 


4.62 


4.64 


3.53 


5.39 


4.36 


2.59 


0.47 






[X/Fe] 


-2.88 


0.02 


0.17 


0.66 


0.90 


0.52 


0.48 






CTtot 


0.24 


0.35 


0.30 


0.28 


0.39 


0.37 


0.44 






N 


8 


3 


2 


2 


1 


2 


1 






126 








SDSS J2128- 


-0756 










loge 


4.74 


4.73 


4.25 


5.06 


3.37 


2.81 


0.22 


0.00 




[X/Fc] 


-2.76 


-0.01 


0.77 


0.22 


-0.21 


0.62 


0.11 


0.58 




Ctot 


0.20 


0.29 


0.21 


0.18 


0.24 


0.30 


0.26 


0.33 




N 


18 


4 


2 


2 


1 


2 


2 


1 
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Table 5 — Continued 





[Fe/H](Fe I) 


[Fe/H](FcII) 


[Na/Fc] 


[Mg/Fe] [Ca/Fc] 


[Ti/Fe] 


[Sr/Fe] 


[Ba/Fc] 


[C/Fc] 


127 








SDSS J2206 


-0925 










loge 


4.33 


4.34 




5.04 


3.59 


2.06 


-1.40 


-1.84 


5.90 


[X/Fe] 


-3.17 


0.01 




0.61 


0.42 


0.28 


-1.10 


-0.85 


0.64 


Ctot 


0.34 


0.36 




0.20 


0.28 


0.31 


0.31 


0.38 


0.14 


N 


13 


2 




2 


1 


7 


1 


2 




128 








SDSS J2207- 


f2017 










loge 


5.08 


5.33 


3.68 


5.43 


4.29 


2.94 


0.35 


-0.67 




[X/Fc] 


-2.42 


0.26 


-0.14 


0.26 


0.37 


0.41 


-0.09 


-0.42 




Ctot 


0.20 


0.29 


0.23 


0.15 


0.16 


0.31 


0.27 


0.35 




N 


21 


5 


2 


4 


3 


2 


2 


1 




129 








SDSS J2208- 


f0613 










loge 


4.66 


4.51 


2.78 


5.05 


3.83 


2.81 


-0.29 






[X/Fe] 


-2.84 


-0.15 


-0.62 


0.29 


0.33 


0.71 


-0.31 






Otot 


0.21 


0.30 


0.24 


0.16 


0.21 


0.29 


0.29 






N 


8 


2 


1 


2 


1 


2 


1 






130 








SDSS J2213 


-0726 










loge 


4.95 


4.98 


4.19 


5.47 


3.56 


2.55 


-0.01 


-1.05 




[X/Fe] 


-2.55 


0.03 


0.50 


0.42 


-0.24 


0.14 


-0.34 


-0.69 




CTtot 


0.34 


0.39 


0.25 


0.23 


0.26 


0.32 


0.36 


0.40 




N 


13 


2 


2 


2 


2 


8 


1 


2 




131 








SDSS J2300+0559 










loge 


4.56 


4.55 




4.90 


3.36 


2.62 








[X/Fe] 


-2.94 


-0.01 




0.24 


-0.04 


0.61 








Otot 


0.22 


0.32 




0.24 


0.32 


0.34 








N 


10 


3 




2 


1 


2 








132 








SDSS J2308 


-0855 










loge 


4.76 


4.28 


2.84 


4.88 


3.45 




-0.72 






[X/Fc] 


-2.74 


-0.48 


-0.66 


0.02 


-0.15 




-0.85 






CTtot 


0.21 


0.30 


0.21 


0.18 


0.25 




0.32 






N 


12 


3 


2 


2 


1 




1 






133 








SDSS J2309+2308 










loge 


4.41 




2.82 


4.52 


2.60 










[X/Fe] 


-3.09 




-0.33 


0.00 


-0.66 










CTtot 


0.26 




0.28 


0.19 


0.25 










N 


2 




1 


2 


1 










134 








SDSS J2334+1538 










loge 


4.59 


4.80 




4.98 


3.61 










[X/Fe] 


-2.91 


0.21 




0.29 


0.18 










CTtot 


0.25 


0.42 




0.24 


0.34 










N 


5 


1 




2 


1 










135 








SDSS J2338+0902 










loge 


4.38 


4.39 


4.05 


4.84 


3.10 


2.10 


-0.73 


-1.70 




[X/Fc] 


-3.12 


0.02 


0.94 


0.36 


-0.12 


0.27 


-0.48 


-0.75 




Ctot 


0.35 


0.47 


0.28 


0.26 


0.38 


0.32 


0.40 


0.42 




N 


15 


1 


2 


2 


1 


7 


1 


2 
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Table 5 — Continued 





[Fe/H](Fe I) [Fe/H](FeII) [Na/Fc] 


[Mg/Fe] [Ca/Fe] 


[Ti/Fe] [Sr/Fc] 


[Ba/Fc] 


[C/Fe] 


136 




SDSS J2349+3832 








loge 


4.30 


4.32 








[X/Fe] 


-3.20 


-0.08 








CTtot 


0.28 


0.21 








N 


2 


2 








137 




SDSS J2357-0052 








loge 


4.30 


5.15 


0.30 


0.30 


5.80 


[X/Fc] 


-3.20 


0.75 


0.64 


1.33 


0.57 


Ctot 


0.34 


0.29 


0.28 


0.37 


0.22 


N 


26 


1 


2 


4 





Table 6. ABUNDANCE CHANGES BY CHANGING ATMOSPHERIC PARAMETERS 



giant turn-off 
SPECIES ~~5T^ Hoi^ <5[Fc/H] <fc micro r.s.s. ~5T^ 51ci^ <5[Fc/H] S^~, 



Fc (Fe I) 


0.19 


-0.10 


0.00 


-0.26 


0.33 


0.13 


-0.04 


0.01 


0.14 


0.20 


Na 


-0.03 


0.03 


0.00 


-0.12 


0.13 


-0.03 


0.03 


0.00 


-0.12 


0.13 


Mg 


-0.01 


-0.10 


-0.01 


0.03 


0.10 


-0.02 


-0.05 


0.00 


-0.02 


0.06 


Ca 


0.05 


-0.14 


0.00 


0.03 


0.15 


-0.02 


-0.01 


0.00 


-0.04 


0.04 


Ti (Ti II) 


-0.11 


0.24 


0.00 


0.13 


0.30 


-0.07 


0.21 


-0.01 


-0.12 


0.25 


Fe (Fe II) 


-0.16 


0.25 


0.00 


0.13 


0.32 


-0.11 


0.21 


-0.01 


-0.12 


0.26 


Sr 


-0.05 


0.19 


0.00 


-0.04 


0.20 


-0.05 


0.19 


0.00 


-0.04 


0.20 


Ba 


-0.07 


0.25 


0.00 


0.22 


0.34 


-0.04 


0.20 


0.00 


-0.11 


0.23 



Table 7. CHEMICAL ABUNDANCES OF G 64-12 



Element 


Species 


This work 


Aoki et al. (2006) 


loge 


[X/Fe] 


loge 


[X/Fe] 


Fe 


Fe I 


4.36 


-3.14 


4.25 


-3.25 


Fe 


Fe II 


4.24 


-3.26 


4.38 


-3.12 


Na 


Nal 


2.82 


-0.28 


2.74 a 




Mg 


Mgl 


4.79 


0.33 


4.80 


0.45 


Ca 


Cal 


3.50 


0.30 


3.62 


0.53 


Ti 


Ti II 


2.27 


0.46 


2.20 


0.50 


Sr 


Sr II 


-0.35 


-0.08 


-0.10 


0.28 



a Value adopted from Aoki et al. (2009) 
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Table 8. LIST OF OBJECTS NOT ANALYZED 



ID 


Object 


Object name 


Object ID 


90 


(a - r)o 


V 


Remarks 


Ul 


SDSS J0004-0340 


SDSS J000410.42-034008.6 


2624-54380-458 


16.762 


0.131 


16.685 


LP 644-30, WD a 


U2 


SDSS J0446+1137 


SDSS J044655.70+113741.3 


2669-54086-593 


16.376 


0.248 


16.232 




U3 


SDSS J0607+2406 


SDSS J060740.48+240651.3 


2887-54521-537 


13.690 


0.470 


13.422 


close to NGC 2168 


U4 


SDSS J1150+6831 


SDSS J115052.32+683116.1 


0492-51955-523 


15.337 


0.230 


15.204 


WD a 


U5 


SDSS J1250+1021 


SDSS J125005.10+102156.4 


2963-54589-474 


16.276 


0.257 


16.128 




U6 


SDSS J2045+1508 


SDSS J204524.04+150825.5 


2250-53566-249 


16.358 


0.441 


16.107 





a White dwarfs listed bv lDebes et~aH fcoill) . 



